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FOREWORD

This report entitled "Thermal _nalyzer Computer Program for the

Solution of Fluid Storage and Pressurization Problems," LR 18903, was prepared

by the Lockheed-California Company under N_S_ Contract NAS 9-3349. The computer

program described herein was developed and utilized by Lockheed under this

contract.

Other reports prepared under this contract are:

LR 18899 A Transient Heat Transfer and Thermodynamic Analysis

of the Apollo Service Module Propulsion System -

Final Report

LR 18990 A Transient Heat Transfer and Thermodynamic Analysis

of the Apollo Service Module Propulsion System -

Summary Report

LR 18901 An Introduction to Spacecraft Thermal Control

LR 18902 Thermal _nalyzer Computer Program for the Solution
of General Heat Transfer Problems

LR 18904 Computer Program for the Calculation of Incident
Orbital ._adiant Heat Flux

LR 18905 Computer Program for the Calculation of Three-

Dimansional Configuration Factors.

This report was written by P.S. Hirasawa and I. Shuldiner of Lockheed's

Thermodynamics Department, who developed the thermodynamic relationships and

logic of the program, and Josephine Laue of the Computer Services Department,

who was responsible for the programming. The contributions of R. B. David, ._

J. A. Yingling, and T. F. Reveles, also of the Lockheed-California Company,

to this report are greatfully acknowledged. Mr. David integrated the Fluid

Storage and Pressurization Program into the basic Thermal Analyzer Program,

which is described in LR 18902. Messrs. Yingling and Reveles programmed

several of the subroutines.
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SUI_Y

The Fluid Storage and Pressurization Program described in this report

is a mathematical program providing digital computer solution of the thermo-

dynamic behavior of storable or cryogenic fluid tankage systems.

Utilizing the IBM 7094 digital computer, this program is designed to

provide pressure-time and temperature-time histories, fluid mass transfer

rates, and pressurization requirements for fluid storage systems. Program

input specifications are generalized to permit maximum applicability to

current and projected aerospace and space vehicle systems.

This program solves the time-dependent differential equations describ-

ing the transient behavior of the fluid storage system under the influence of

variables such as heat transfer through the vessel walls, mass and energy

C transfer across a gas-liquid interface, liquid drainage or replenishment,

condensable or noncondensable gas pressurization and ovez_ressure venting.

Additionally, the influence of extended periods under zero-gravity conditions

and switching from zero - to non-zero-gravity situations, including

fluid thermal stratification effects, are approximated by mathematical models

simulating the system fluid dynamics. The program ca_ be used in conjunction

with a thermal properties library containing lO propellants, 2 pressurants, 2

simulated propellants, lO structural materials and 8 insulations.

In the general case, a fluid system study requires the concurrent

analysis of two interrelated, time-dependent phenomena resulting from system

heat and mass transfer processes. Problem solution is obtained by computation

of the overall system mass and energy balance based on separate, concurrent

analyses of the two processes using lumped parameter techniques over discrete

computational time intervals.

¢
S-1
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I - INTRODUCTION

In space vehicle design_ where system optimization is critically de-

pendent apon weight and performance_ knowledge of component operations char-

acteristics is of the utmost importance.

Design calculations for detailed steady-state and transient analysis

of propellant storage containers are usually long and involved. The simpli-

fying assumptions customarily employed to reduce computational effort such as

a uniform fluid temperature or a single gas ullage region, for example, can

result in a seriously distorted picture of system characteristics. It has

been demonstrated by various experimenters that local temperature buildup due

to fluid thermal stratification will cause a corresponding fluid vapor pres-

sure increase. Results of comparison of the pressure rise in a liquid hydro-

gen dewar for homogeneous, normal-gravlty quiescent and zero-gravity condi-

tions (Ref. l) indicate that the rate of pressure rise due to external heat-

ing for a normal-gravity quiescent test could be as much as 3.5 times the

rate for a homogeneous test where the liquid was stirred by violent shaking.

The problem of fluid storage analysis is further complicated by the

large number of var'oables encountered in an operational system such as the

physical, thermal and transport properties of the fluids stored, the method of

pressurization, fluid usage rate, tank geometry and orientation, and the

_ystem gravity environment.

The computer program described in the following sectiors presents an

engineering approach toward solution of the problem of tankage system analysis.

A mathematical model is described which depicts the thermodynamic behavior of

a fluid storage tank system subjected to heating and transient body forces.

In the computer representation of this model, the Lockheed Thermal Analyzer

Program (Ref. 2) serves as the basic building block. A fixed resistance-

capacitance network system is assumed, and system fluid _roperties are treated

1-1
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as functions of time and of axial studradial distance. The tank volume and ,_

wall are divided into discrete volumetric elements with the state and proper-

ties of the material within each element uniform throughout the element.

Stepwise, thermal network relaxation and finite-difference fluid-mass balance

computations using digital computer techniques provide problem solution for

tankage system variables as a function of time.

PROGPJ_ OBJECTIVE AND APPROACH

The aim of this computer program is to provide a tool for the detailed

transient study of f?_aidstorage systems under the influence of a variety of

operational and environmental conditions from grolmdhold to interplanetary

flight.

Because of the complexity of the overall problem of fluid storage

systems analysis, the approach taken in the formulation of this program was

one which permitted the analysis of a wide variety of cases of particular

"applicability to aerospace vehicle fluid storage systems. With this point of

view, the program has been written to accommodate variations in the following

parameter s:

1. Either storable or cryogenic fluid storage systems may be
analyzed. The only limitation is the availability of thermo-
dynamic properties data.

2. .Thesystem may be pressurized by either a condensable gas
(fluid's own vapor) or a noncondensable gas.

3. 'Fnefluid utilization rate may be allowed to vary during the
mission.

4. Fluid may be added during the mission.

5. External heat sources may be varied independen'_ly.

6. Either spherical or cylindrical tanks w.!thhemispherical ends
m_y be analyzed.

7. A stratification mode? depicts fluid behavior during extended
periods of in-flight heating under non-zero-g conditions.

@
1-2
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J 8. The direction of net accelegational field may var& from a

direction parallel to the longitudinal axis of the tank to
900 from this axis.

9. The progrmn provides for zero-g at.el/sisusing a minimum
energy surface analytical model to describe fluid behavior.

10. Problem size can be varied according to s_udy requirements

up to the maximum capacity of the thermal analyzer (compiled
data cannot exceed 12,000 storages). However, only one tsnk may
be exam_e_ at a time.

ASSUMPTIONS ..

In the formulation of the problem for computer study, the following

mechanisms, processes, and assumptions were used to depict the ther_dyuamic

behavior of a fluid storage system subjected to various thermal and physical

forces:

I. The t_uk contains two phases - liquid and gas. The phases are
sepa_ated by a continuous interface. The interface configuration
is dependent upon the gravity vector. Under the influence of
gravity the interface is planar and perpendicular to the net
accelerating force vector. In zero gravity a cez_rally located
spherical interface configuration is assumed. This configuration

) is the minimum energy one.

2. The liquid is a homogeneous fluid which does not exist in a
superheated state. The gas may be a condensable gas comprised
of liquid vapor, or a mixture of condensable gas and noncondens-
able pressurant. It is assumed that condensable ge_ does not
exist in a subcooled state. _aperheated liquid or _ _cooled
condensable gas are metastable thermodynamic _tates; therefore,
their existence would be for brief periods and are neglected.
In a multicomponent gaseous system, mass concentration is assumed
to be uniform througnout the vapor space (rapid diff,_sionrelative
to the time period studied).

3. Heat transfer occurs by radiation, convection, ar,d conduction

through the outer wall, the insulation, and the tank wall: by ]
convection from the tank wall to the adJac_n'_gas or liquid
nodes, by conduction between adjacent gas or liquid nodes, and
by radiation from that portion of the tank wall exposed to gas
to the gas-liquid interface. Heat transfer between adjacent
gas or liquid nodes by fluid _rans_r_ is not considered under
zero-g or for short periods u_der gravity. Thermally induced
fluid transport between nodes during extended periods under a
gravity c_adition is depicted by a mathematical model utilizing
boundary-layer flow techniques.

L.OO*CNaIO i-3
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4. Under zero-g, the pressure of the condensable gas is a function
of either the maximum liquid temperature or the average vapor
space temperature, whichever is greater. In the minimum energy
zero-g configuration_ it is assumed that evaporation is initiated
at the heated surfaces, destroying stratification. Vaporization
taking place at the wall causes the vapor bu_bles to migrate
toward the central gas space. This motion should be sufficient
to cause mixing of the liquid phase. It is also assumed that
condensation under zero-g occurs at the vapor-liquid interface,
preserving stratification. Condensation, causing no interphase
motion, preserves the existing stratification.

5. Since the mechanism or feasibility of fluid _;ithdrawalunder
zero-g has not been firmly established, it is assumed in this
program that whenever liquid is withdrawn from a tank either
boiling, occurring at the heated surfaces, oi"liquid outflow
effects will tend to create sufficient disttu_bancewithin the

liquid region to destroy temperature stratif_.ca_ion.

6. Evaporation or condensation under gravity conditions is assumed
to occur only at the gas-liquid interface. Only liquid temper-
ature changes occur as a result of mass tran;_feracross the
interface. This is because latent heat effects are much greater
than any of the sensible heat effects due to the mass transfer.
A uniforn,liquid surface temperature is asstunedwhich is equal .

to the computed interface temperature between the hottest liquid
node adjacent the interface and its attached gas node. Evapor-
ation or condensation is assumed to affect the temperature of the
liquid volume between the hottest node adjacent to the interface
and the surface, maintaining a linear gradient between the surface
and the node. If the surface temperature due to massive evapor-
ation falls below the temperature of the adjacent liquid node, it
is assumed that a temperature gradient in the liquid region ceases
to exist. This is due to thermal convection currents caused by
density gradients in the liquid.

7. Pressurant gas flows isothermally (isenthalpic) from the supply
tank into the hank gas space. For the case of a propellant-
pressurant heat exchanger an energy balance across the exchanger

determines the pressurant supply temperature. The program con-
tains the equation used for the Apollo analysis, and it can be
altered to suit any particular case. Pressurant gas velocity is
assumed to be sufficient to completely mix the pressurant with
the gas in the tank, permitting use of effective mixed gas pro
pertles at ah average temperature for the mixed gases.

<
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8. ?ank venting will be triggered by an overpressure signal. Gas

will be removed from the vapor space isothermally (essentially a

co_.sLa_t pressure process) as required to maintain system pressure.

For a multigas system, it is assumed that the composition of the

vented gases will be the same as the composition of the gases in

the tank immediately prior to venting.

9- Liquid addition to the tank is assumed to affect only the liquid

phase temperature in the +_nk, since the added liquid will have

very limited intimate contact with the vapor. The gas tempera-

ture remains constant and pressure adjustments are made due to

decreased gas volume. Whenever liquid is added, it is further

assumed that liquid temperature equalization occurs; i.e.,

stzmtification is destroyed, due to mixing caused by the added

liquid stream.

i0. The inter_al energy of the gas and liquid within the tank is

assumed to be a function of temperature and pressure only.

Kinetic energy and momentum effects are neglected.

LOCK.egO 1-5 i
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II - METHODS 0FANALYSIS

This section presents detailed discussions of the concepts and

methodology used in the formulation of the generalized computer program,

including the derivation of the theoretical basis for problem solution, the

results of studies into the effects of reduced gravity on system fluid

mechanics and heat tra_sfer, and the approach to computer solution of the

actual problem.

GENERAL THE_0DYNAMIC RELATIONSHIPS
i

Figures 2-1 depicts, schematically, the thermodynamic problem to be

solved by this program. The system pictured does not lend itself readily

to mathematical representation. It cannot be described by a constant volume

process, a constant-pressure process, or s steadystate flow process. Due co

the hybrid nature of this system, one might expect the equations describing

this system to be somewhat unfamiliar in appearance.
t

The system does, however, fit the definition of a therm6dynamic

"open system." The phrase "open system" was first defined by Gillespie and

Coe as "a system in which a net amoumt of mass crosses the boundaries during

a process." First, consider the system illustrated in Figure 2-2.

DIFFERENTIAL MASS

&m

/

O FIGURE 2"'2 THERMODYNAMIC "OPEN SYSTEM" 'i

2-i
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QG

QT mAN AmVN
/ /_ _ _mc, PC, TG

QR Q/raN' PN Amcc

%

AmA = INCREMENTALMASSADDED
AmV = INCREMENTALMASSvr,,NTED
&mu = INCREMENTALMASSWITHDRAWN
_mcc = INCREMENTALMASSCONDENSED OR EVAPORATED
&V = CHANGE IN VOLUME OF THEGAS SPACE
QS = HEATTRANSFERREDTHROUGH INTERFACE
QG = HEATTRANSFERREDTHROUGH TANK WALLTO GAS
QL = HEATTRANSFERREDTHROUGH TANK WALLTO LIQUID
QR = HEATTRANSFERREDTHROUGH GAS TO LIQUID BYRADIATION
QTW = HEATTRANSFERREDTO SYSTEMDUETO HEATCAPACITYOF TANK WALL
m -- MASS
P = PRESSURE
T = TEMPERATURE

C = CONDENSABLEGAS N = NON-CONDENSABLE GAS
L = LIQUID V = VAPORPHASE

Figure 2-1. Tank Mass and Energy Balance Model @

2-2
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) A small amount of mass Am lies adjacent to the system boundary. If the

mass moves across the boundary, then work is done. _e amount of work done

on the surroundings is - AmPV

where P is the pressure of the surroundings

and V is the specific volume of mass Am

The negative sign implies that the surroundings have decreased in energy.

Let the initial and final internal euergies of the material within

the boundary be represented by E1 and E23 respectively, and let the inter-

nal energy of mass Am be represented by E. During the course of the

process, an amount of heat Q enters the system through the boundary. Apply-

ing the first law of thermodynamics to the system after Am has been

introduced, one obtains

;2" + AmE): Q - (-Amev)

which may be rearranged to the form

% Q = E2 - E1 - Am (E + PV) (2-1)

The term E + PV is simply the enthalpy of the mass A m. Equation

(2-1) may be generalized to include more streams and to allow for work done

by motion of the boundary. The more general expression is given by
i

ZQ = E 2 - E1 - ZAmH + W (2-2)

where Z Q is the sum of all the heat inputs

TAmE is the enthalpy of all the streams into the system,

and W is work done by the system on the surroundings due to boundary

movement.

When equation (2-2) is applied to the gaseous system shown ir

Figure 2-1, the following equation is obtained:

QTW + % " % = _2 EC2 + mN2EN2 " muIEc2 -mN2_2 " ( AmAC HAC +

AmAN HAN - Amvc HVC - AmVN HVN - Amcc HSG ) (2-3) i

2-3 !
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If one applies the principle of the conservation of mass, the J

following equations result:

mC2 = mCl + AmAC - Am C - Amvc (2-4)

and raN2=mNl + AmAN - AmVN (2-5)

When equations (2-4) and (2-5) are substituted in (2-3), and the

integral term is replaced by its approximation, the final energy relationship

for the gas phase is obtained.

f
QTW + QG - QS = mCl (Ec2 - ECI) + mNl 'EN2 - ENI) - Amcc(Ec2-HsG)

- Amvc (Ec2 - HVC) - AmVN (EN2 - KVN) + AmAN(EN2-HAN)

+ AmAc(Ec2 - HAC) + _ AV (2-6)

where _ is the average pressure of the system during the time At, and is

given by (P1 + P2 )/2" P1 and P2 may be expressed in terms of the ideal gas

law, utilizing compressibility factors )

z mc__! + z_ toni RTI (2-7)PI = C MC _--T V1

z me__A + z_ raN2R_2 (2-8)%-.v7
where

Z represents the corresponding compressibility factor,

M represents the corresponding molecular weight,

R is the universal gas constant.

By treating the liquid as an incompressible substance, the energy

balance can be reduced to a simple enthalpy balance. The resulting equation

has the form:

(Average Mass) (Change in Enthalpy) = Z (Heats Added) (2-9)

@
2-4
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Applying equation (2-9) to the liquid system in Figure 2-1, one

obtains the relation

m (H2L - HIL ) = QR + QS + %W + QL - AmAL (H2L " HLA)

- Amc (H2L - HSG) + AmUL (HL2 - HUL) (2-10)

where m is the average liquid mass in the tank during time Ae.

The energy stored or given up by the wall due to heat capacity is

given by the familiar relationship

QTW = mTW [CP (T2 - TI)] _W

where mTW is the mass of the tank wall_ and Cp is the heat capacity of the

wall. A % term is calculated for both the liquid and gaseous regions.

The radiation ter_, QR' is calculated by the expression

I % = a AsF s)
where TTW is taken to be the average temperature of that portion of the wall

exposed to the gas.

The mass and energy balance equation over the gas and liquid regions

shown above, together with the gaseous equation of state, provide the

necessary mathematical relationships required for problem solution.

Using these equations and the assumptions and processes presented

earlier, digital computer solution of the transient mass-energy balance

problem can be obtained using lumped parameter solution of the differential i

equations over discrete time intervals.

L0W-GRAVITY FLUID _CHANICS _ HEAT TRANSFER

The program mathematical model under reduced gravity conditions is

based upon certain asstm_tions relative to heat and mass transfer processes

as specified in Section I. To evaluate the applicability of these

assumptions, a low-gravity fluid mechanics and heat-transfer study was

conducted by personnel at the Lockheed Missiles and Space Company. A

L.OOKHiiO 2-5 i
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summary of the results of this study is presented in the following sections. _3

A @_tailed report of the analytical methods used to study the effect of low

gravity is included in the Apollo Heat Trsnsfer Study FINAL REPORT (Ref. 3).

_is study covers the investigation of the effects on heat and mass

transfer pheonomena of internal tank hardware and relatively small changes in

body forces in a system dominated by capillary forces. Analytical me chods

are described and the results of c,_mputationsbased on the Apollo Service

Module Propellent Ta_kage presented for:

1. Determining the location and shape of the liquid region in
storage tanks

2. Evaluating the effect of spacecraft maneuvers on the
location and shape of the liquid .egion

3. Estimating the importance of mass diffusion as an
energy transfer mechanism inside the tanks

The location and shape of the liquld-vapor interface can be detelmLinedfrom

the Bond number_ (NBo = _ which is a dimensionless quantity showing the

relationship between gravitational body forces and surface tension forces "_--

acting upon the liquid. Important cohsiderations to be accounted for are the

effect of internal hardware, the size of ullage and nongravitational vehicle

sccelerations.

By decreasing the critical Bond number, the effect of internal hard-

ware is to reduce the level of acceleration causing the liquid to run from

one end of the tank to the other.

When gravitationally induced body forcms are negligible (low Bond

numbers), and in the absence of tank internal hardware, the meniscus shape in

a cylindrical tal_kwould be essentially a hemisphere. The introduction of

internal hardware, thus converting the t_k into an annular tank, tends to

reduce the meniscus rise alo_ the tank wall, _s shown for Case II in

Figure 2-3.

The effect of sustained spacecraft accelerations, which are not of

sufficient _gnitude to cause the system Bond number to exceed the critical

value for the system, is to cause some liquid clrcalation (convection) to

@
2-6
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CONTACT ANGLE - 0°

'_' 0.8- TANK WALL
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i

Figure 2-3. Zero-g Meniscus Shape in an Annular Tank
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J
occur. This will be attended by increased heat transfer over that expected

for a motionless liquid. The studies show that this heat transfer is a

function of the system Rayleigh number and the angle between the heating

vector and the net accelerating vector. The study recommends that the

effect of natural convection be included in low gravity calculations by

paralleling the conduction resistances with convective thermal resistances

or by increasing the effective conductivity of the liquids to account for

fluid motion. For example, the greatest long-term steady acceleration acting

on a typical Apollo propellent tank during the translunar phase is that

centripetal acceleration resulting from the two-revolutions-per-hour vehicle r

roll rate. This acceleration was found to cause a negligible change in the

shape of the liquid meniscus in the Apollo tanks. The acceleration did

cause heat transfer from the tank walls to the liquid to increase by a

maximum of lO to 20 times over that due to conduction alone.

Large impulsive accelerations acting on the liquid wherein the

critical Bond number is exceeded, will cause standing waves to form in the

tanks. Such liquid motion serves to mix the liquids in the tanks. Upon
cessation of the acceleration, the liquids will reposition to the low-g

configuration.

A study of the relative importance of mass diffusion as an energy

transfer mechanism concludes that particular system parameters such as

pressure, heating rate ullage volume, system physical dimension, etc., must

be considered in order to assess the significance of mass diffusion. For a

typical Apollo S/M propellent tar_k,during the translunar orbit, mass

diffusion was determined to have only a slight effect on liquid oxidizer

temperatures. The concentration of _xidtzer vapor (expressed as the ratio

of oxidizer vapor density to the sum of the oxidizer and helium vapor

density) was found to have only a small gradient through the gaseous phase.

Throughout the time period investigated the maximum difference between th@

maximum and minimum values of concentration was calculated to be one7 0.03.

This small gradient indicates a small amount of oxidizer vapor diffusing

through the gas phase, and hence, minimal energy transfer by diffusion.

@
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COMPUTER PROGRAM

Utilizing the basic concepts and methods developed in the preceding

sections, a FORTRAN IV IBM 7094, digital computer program was formulated to

solve steady-state and transient heat- and mass-transfer problems associated

with the storage, pressurization and utilization of storable and cz_yogenic

fluids.

In general, problem solution is achieved by computer analy_es _,f

two simultaneously occurring process:

1. A thermal balance of the system is perfo.,nnedas a function
of time and mission parameters by means of an analogous
resistance-capacitance network set up in the Thermal
Analyzer Program.

2. A concurrent mass and energy balance is performed on the
system, based on the results of thermal analysis by means
of vapor-liquid thermodynamic relationships which are
programmed as subroutines to the basic The_rml Analyzer
Program.

The program consists of three major sections: (i) Thermal Analyzer,

(2) Network Generator, and (3) Network Element Update. A detailed discus-

sion of the elements comprising each is presented in Section III.

This program is built around the Lockheed Thermal ..nalyzer Program,

which provides digital computer solutions for complex 3-dimensional

transient ard steady-state heat flow problems. Problem solution is obtained

by means of a lumped parameter tecbz_iqueutilizing Kirchoff's Laws describing

the behavlo_ of an analogous resistance-capacitance network. ,

Using input data determined or obtained from the system characteris-

tics and mission parameters associated with a particular problem as specified i

in Section III, the Network Generator constructs an analogous resistance-

capacitance network to represent the physical system. The components such as

liquid, vapor, tank wall, and insulation are divided into discrete volumetric

elements with the state and properties of the material within each element

assumed uniform throughout the element.

LO©KNEEO 2-9
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When used in conjunction with the thermal properties library

(Ref. 4) the fluid thermodynamic and transport properties are treated as

functions of time and of axial and Tadial distance.

In the Network Element Update section, programmed subroutines to the r

Thermal Analyzer determine the concurrent mass and energy changes in the

system as a function of time-depen@ent paramete_'s such as fluid utilization

or replenisl_ent, system pressurization or venting, maneuvers affecting

fluid geometry, and conductive or convective fluid thermal stratification.

Certain additonal operations, availaole in the Thermal Analyzer,

permit the user to readily override specific segments of the general network

to accommodate thermal nonunifor_ities due to piping, structural support

members, etc. The external network representing heat transfer between the

tank and its surroundings is programmed by the user directly into the Thermal

Analyzer, permitting considerable latitude in the application of this

program. These thermal r_on-unifo_:itiesare handled in a similar .mannedto

the external network with resistors and/or capacitors either replacing or

being added to (in series or parallel) those quantities generated by the -_
_J

program.

@
2-10
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III- PROGRAM FUNCTIONS

In this section_ a brief description of the Thermal Analyzer is

presented, followed by detailed descriptions of each of the associated sub-

routines. Section IV covers the sequence of operations in the Thermal Analyzer

Program and the several subroutines.

A few of the subroutines perform functions which are common to more

than one program operation Therefore, to simplify identification of the

computer routines with specific program functions; these functions have been

catergorized into nine basic groups:

• Thermal Analyzer

• Network Generator - subroutine INSIDE

• Tank Fluid Geometry - subroutines GEOMG, GEOMNG, and GEOMVG

• Tank Fluid Mass and Energy Balance - subroutines CONTRL and $5059

• Tank Fluid Stratification - subroutine STRAT

• Tank Wall - Liquid Radiation Heat Transfer - subroutine RADIAT

• Network Element Properties Updating - subroutines RESET_ RECALC,
and SURF

• Pressurant System Computations -subroutines CONTRL and FUNCT

• Program Control Subroutines -subrcutines FUNCT, SREAD, TIMEX,

CHOP, and PRINT

The computer routines described in this section pertain exclusively

to the network of nodes making up the fluid storage tankage and the pressurant

tankage systems. Thermal input to the system from the external environment is

handled by an additional external network which is input by the user as

described in Section IV and Reference 2. i

i

i
3-1
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The tankage resistance-capacitance (R-C) network is generated by !

subroutine INSIDE from system dimensions an_ geometry data. Networks may be

generated fcr either spherical tanks or cylindrical tanks with hemispherical

ends. The complete three-dimensional, R-C network is generated by the computer,

simplifying the amount of input required. For maximum utilization of machine

time the program has been designed to call only those routines required for

problem solution during a particular computing interval. All other routines

are bypassed until system changes as a result of mission variables require

their use. For example, the subroutines which are necessary at every time-

step are CONTRL, $5059, RESET, SURF, TIMEX, and RADIAT.

Subroutine RECALC is called whenever it is found that since the last

timestep one of the following has occurred:

i. Change in the gravity (net acceleration) vector

2. Change in the angle between the longitudinal axis of the tank

and the gravity vector

3. Significant change in the liquid volume i

I4. Significant change in the average gas temperature

5. Significant change in the average liquid temperature

6. Significant change in the total internal pressure

Three subroutines, GEOMG, GEOMVG, and GEOMNG, are used to determine

the location of the fluid surface and identify vapor or liquid regions under

gravity directed 0 or 90 ° from the tank longitudinal axis, under gravity

directed between 0 and 90° fr°m the tank l°ngitudinal axis" and zer° gravity' !!
respectively. Subroutine CONTRL calls the correct geometry subroutine whenever m

a change is noted between computing intervals in any one of three conditions,
[]

which are:

i. Magnitude of the gravity vector

2. Liquid volume of the tank

3. Angle between the longitudinal axl, of the tank and the gravity
vector

i

O
3-2
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Subroutine CONTRL performs thermodynamic mass and energy balance

computations on the system as a result of heat input with time (computed by the

Thermal Analyzer heat balance), and fluid volume changes resulting from utili-

zation, pressurization, addition, and venting. The basic relationships used

in this subroutine account for the accumulation and depletion of mass, and

energy transfer between phases by conduction, evaporation, and condensation.

Subroutine S5059 is a part of CONTRL, and performs evaporation and condensation

calculations.

Subroutine RESET computes average temperatures and, under certain con-

ditions, sets all fluid nodes in a particular phase equal to the average tem-

perature of that phase or adds a _temperature to all existin_ gas node

temperatures whenever necessary. RESET is a combination of five small but

separate routines which were consolidated to save storage space.

Subroutine SURF locates the fluid surface nodes by comparing each of

the nodes inside the tank with its neighboring nodes to aetermine which, if

any, of the nodes are to be considered surface nodes.

Subroutine RADIAT computes the net heat exchange by radiat£on through

the gas space between the inner surface of the tank walls and the liquid

surface. This routine is bypassed under conditions of zero gravity when it is

assumed that the inner tank wall is always covered by a liquid layer.

Program control functions covering use of options, running an extended

mission problem in shorter time segments, and printing are performed by sub-

routines FUNCT, SREAD, TIMEX, CHOP, and PRINT.

i
The Thermal Analyzer Program in general is used to obtain detailed

temperature distribution in complex three-dimensional structures. Combined

with the pressurization program, it is used to perform a heat balance on the

generated internal tank network and the external surrounding network. The

program makes use of the electrical resistance-capacltance analogy. Solution

is effected by converting the physical system into one consisting of lumped

thermal capacities connected by thermal resistors, and then using the lumped-

parameter, or flnlte-differences approach, to solve for the temperature

history of a system.

3-3
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The program permits direct solution of complex transient problems }

involving conduction, convection, radiation, and heat storage. Furthermore,

since it is possible to specify any quantity as an arbitrary function of any

other, it is also possible to solve such problems as change of state, variable

thermodynamic properties, arbitrary variable boundary conditions, and other

nonlinear effects.

In developing the Thermal Analyzer Program, a primary objective has

been to maximize input flexibility, and thereby, to keep the program as general

as possible. Input format has not been restricted to any particular geometry,

but is such that resistors and capacitors can be connected in the same manner

as the actual equipment components. Additions and other changes to the network

can easily be made by adding or removing cards in the program input deck.

An outstanding feature of the program is its ability to accept various

subroutines, or functions, as required by the particular problem. Currently

available are various general-purpose and special functions which permit

numerous mathematical operations beyond solution of the electrical analog

network itself.

The program also accepts standard FORTRAN statements, allowing the user (_

to add hi_ subroutines as required. More important, th_s flexibility in

handling subroutines allows new ones to be added as desired without altering

the basic program. Consequently, the equations, tables, etc., required for

analysis of the pressurization system can be made an integral part of the

program and solved concurrently with the heat transfer analysis.

Another useful feature is the ability to run several cases consecutively,

so that the results of the first are used as inputs to the second, the second to

the third, and so on. This feature allows the lunar rendezvous mission to be

accommodated as a series of separate computer cases for ascent, earth orbit,

lunar orbit, etc. The temperatures at the end of each case are recorded on

tape and used as the initial temperatures for the subsequent case. Between

cases a minimum of additlcnal input data is required to change the external

environment.

O
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) Method of Solution

The Thermal Analyzer Program solves she analogous R-C netwDrk by the

finite-difference, lumped-parameter technique, using standard network analysis

equations. In this system, the heat flow q across resistor R, connecting two

points at temperatures T. and Tk, is given by the following equation (analogousJ

to Obx's electrical law):

At a given node point k, connected to several other n_des j by

resistors R. (the use of subscript j is not intended to suggest that T. and R.
J J 0

must have the same designation numbers), the solution is effected by applying

Kirchoff's law at a point, or

Z T. - dTkj,@ Tk,@

j R. + Qk = Ck (3-i)
0

where

= Temperature at time of any arbitrary node j

Tj,@ connected to node k by a resistor R.
J

R. = Resistor connecting nodes j and k
J

Tk, 8 = Temperature of node k at time @ _

Tk,8 +_0 = Temperature of node k after time increment A_

Ck = Capacity of node k

= Arbitrary neat input into node k (can be positive
or negative)

If it is assumed that the surrounding temperatures Tj remain constant over a

time interval _ 8, equation (3-1) can be integrated directly. However, when

the same problem was run with different energy balance equations, it was

found that a llnearlzed form of equation (3-1) produced results which were

less sensitive to A@ and therefore more stable than those obtained with the

3-5
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i
integrated equation. The linearized equation is obtained by making the fol- _]

l,_win_assumption:

dtk Tkte + AO - TkIo (3-2)
de Ae

and by solving equation (3-1) directly to obtain the following expression:

m

Tk,e +Ae = Ck R. + Qk + Tk,8J

If Ck = O, e.g., in a steady-state case, Tk, O in equation (3-1) is replaced

with Tk, e +As to give

= j Rj (3-4]

Tk,e +Ae Zl/Rj
J (2)

If no capacitor is specified for node k, no heat balance is taken, and Tk

remains unchanged. Two blocks of temperature values are maintained, one for

time e and one for time e + _e. At the end of each time cycle, the

temperatures at time O + _e are moved into the block for temperature at e.

Calculation of Computing Interval

The time interval _ e used to compute the heat balance is computed

internally at each time cycle. At each node for which a non-zero capacitor

is specified, a time constant, or RC product, is computed by the relation

cj
(RC).=

K i

To "obtainAe , the computer searches the.network to find the minimum RC

product, with a AO ordinarily taken as 4 u. Therefore_ th _.time step

@
"OCKHmEO 3-5

1967020835-029



is.189oj

J_ is always a&justed to the current circuit coniitions ani is consistent with

stability criteria. Time is then incremented, and the computer proceeds

timewise through the problem.

For alditional details on Thermal Analyses operation and _apabilities

see Reference 2.

NETWORK G_NERATOR
|

The Network Generator consists of s subroutine (INSIDE) which permits

computer generation of the resistance capacitance (RC) network use& to ie-

scribe the system under investigation for the Thermal Analyzer. input _enel-

ated in the Network Generator is read into the Thermal Analyzer by subroutine

COMPIL, an internal Thermal 7h_alyzer subroutine.

Analogous R-C networks may be generatei without additional program-

ming for sphezical ta_s or cylinirical tanks with hemisphirical enis.

Capability for generation of both the tank external wall network (insulations

and thermal shlela) and t_e tank internal network (fluid and tank wall) is

provided in the program. By processes describel in the following section and
illustrated in Figures 3-i through 3-3, the tank is sub-divided into discrete

vo!umetri_ elements. For lumped-parameter computations, the thermodynamic

properties in each volume are consi&ered to be concentrated in a point at the

center of mass of each volume (nole). These nodes are interconnected by

thermodynamic resistors forming the basic network which will be input to the i

Thermal Analyzer. Abnormal tank network parameters (insulation shorts, piping,

internal baffling, and heat sources) and tank external network parameters

(thermolynamic effects between the tank and external heat s_n2r_es)are input ii
by the user into the Thermal Analyzer function block in the normal manner. i

The number of nodes may be varied from 2 to N per q_adrant per hemisphere or I
!

cylinder. The maximum number of nodes allowable is determined from the storage

capacity of the Thermal Analyzer program, and is presently set as follows: !

• Maximum number of nodes2 including external network = 300

• Maximum nm_ber of resistors, including external network = 700

I.OOKMWmD 3-7
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• Maximum number of internal nodes = 250 I
(internal node is a node located inside the tank, in the tank wall,
or in the insulation)

• Maxim,_mnumber of internal resistors = 500
(internal resistors must connect two internal nodes)

• Maximum number of curves (materials properties, exte_'nal
network) = 250

Figure 3-4 shows the sequence of computer operations and is followed

by the programmed equations for computing the R-C net_zork.

Tank Subdivision

Subdivision of the tank consists of a three-step process:

1. Division of the cylinder or hemisphere into concentric
cylinders or hemispheres of equal cross-sectional area
as shown in the following figure:

K WALL

0

r1 r2 rn

where :

Al = A2 = An

Co_utatlon of a general solution for the area between two radii shows
shows that :

2 IR2
ri = n

o<i

@
coc..i. 3-8
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J_ 2. Subdivision of the tank by axial iivisions -0 ° aoart :

CYLINDER,

Subdivision of a cylinder in this manner produces equal
cross-sectional area elements :

Ai 8__ 2 . ri-= 2 i

)

In a hcmls_here, axial sectioning produces a wedge-shaped
figure :

)
Load.no 3-9
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The cross-sectlonal area for this figure varies from an j
area equivalent to that for a corresponding cylinder at
the baJe of the hemisphere to zero at the apex.

As the angle of elevation, _, from the base Increases, the
angle subtended by the radll, O', is computed by the re-
lationship:

= e cos _ i

3. Completion of tank subdivision by sectionln_ along the axis. I

CYLINDER I

_ I
I
I

aY

Final division results in an overall subdivision of the

cylinder into equal volume elements, as shown above, where

Vol/Element = A i A y'

HEMISPHERE

@
e-OCKNffO 3-]0
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The hemisphere is divided into spherical sectors to
complete subdivision into discrete elements. Element
volume decreases as the elevation angle increases by
the following relationship:

v2
__v 2/3_r3oosOa0

For convenience, the increment of elevation angle,
is taken to be equal to the axial subdlvls!on angle e.

Node Location

The node in each element is assumed to be located at the centroid

of the element.

i. Radius to Node I -

i-] i i+]

|

be radius to Node I is computed from the previous calculation of the

radius to concentric divisions i as:

r i --n
2

rI " _--n (i -_)

R = Total r_dlus _.
N = No. of divisions

I.OOK#IIO 3-11
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2. An_ular Displacement J - The angular displacement ( _ ) of the node

from a reference (j = 0) radius is determined by:

J+l J=O

J-1

c_u_.R: _ = 0(j- ½)
J_oD_.

= o(j-_)

HEMISPHERE: _ JNODE (3

3. Vertical Displacement K -

@
"OCXH,,=O 3-12
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) CYLINDER: hKNODE = _Y(K - ½)

K

K+_ K=O

HEMISPHERE: _ KNODE = _(K - ½)

Node Identification

Spherical tanks - Each hemisphere of the tank is subdivided separately,

as shown in Figures 3-1 and 3-2. The base of the hemisphere is azsumed to be

a plane at an angle of 90° from the net acceleration vector. The elevstion

of the hemisphere is divided into circular segments by dropping radii from

the surface at an angle of 2---E_between radii. Circumferentially, the hemi-n

sphere is divided into sectors by perpendicular slices at angles of 2___n

where n = 4 times the number of sectors per quadrant. Finally, the hemisphere

is divided radially by division into concentric hemispheres.

Identification of nodes is accomplished by identification of a

central element at the base of the hemisphere and numbering the element

sequentially outward to the periphery of the tank (including the insulation

and outer tank shell). The following sequence is started again at the central i

node in the adjacent ro_ going clockwise around the hemisphere. The process

is repeated at successive elevations until subdivision is complete for each |

hemisphere. The two hemispheres are then Joined together by connecting

mirror image nodes.

)
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\ /

\ _ /

_ \ /

\ , /
' 0

\
\ / /
\ /

Figure 3-i. Hemisphere Subdivision - Exploded View @
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Cylindrical Tanks - The cylinder is subdivided into concentric cylin-

ders, as shown in Figure 3-3, having the same radii as the concentric hemi-

spheres in the hemispherical ends. Circumferential d_vision is similarly

accomplished by extending the hemispherical sector angle of 2n'where n = 4n

times the number of sectors per quadrant. Cylinder subdivision is completed

by radial slices equally _paced along the axis ot the cylinder.

The identifying node for the cylinder is centrally located at the

base of the cylinder which will be adjacent to the base of upper hemisphere.

The node_ are numbered sequentially outward and around the tank at successive

elevations until subdivision is complete. The two hemispherical ends are then

joined to the cylinder by connecting mirror image nodes, forming the complete

tanks.

The remainder of this s,lbroutineis concerned with the calculation

of heat transfer distances between adjacent nodes, the heat transfer area

between adjacent nodes, and the vol_ne of each element to complete the

geometry input to the Thermal Analyzer. The materials properties loading

subroutine conducts a search of material library tapes and reads in tables of

gas_ liquid, insulation, and tank m_terial properties. (D

Heat Transfer Area
M

CYLINDER

The average heat transfer araa between two nodes along a radius

within a cylinder is determined by the following relationships:

For heat transfer by conduction ozly:

q = kA_ = k41"r0---_dr

0
LOCKHEEO 3-16
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Figure 3-3. Cylinder Subdivision - Planview
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Combining and separating variables .)

r2 T2

_dr [ k4Y0_T7 =. ,.%[

and

r2 kAY@

In rl - --_--(T2-T1)

Aiso

r2 l.T2

- q
rI 21

and

r2 - rI = kA(T2"Tl)
q

Solving for A O

AI.2 ^YO(rp'rl)r
in__2

r1

Hemisphere

Similarly, the average heat transfer area between two nodes along a

a radius in s hemisphere is:

J_

@
LOCKHII[O 3-18
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k¢
I

_-2 = e sin @J rlr 2
(k-l)_

where

k = No. of _levation increments

= Increment of angular displacement

= Increment of elevation

rI = Radiuc to Node I

r2 = Radius to Node I + 1 9

Tank Insulation Network
i

In addition to the internal network the subroutine computes similar

network parameters for the tank external wall. Network generation for

o to n layers of insulation may be accomplished alon_ with the internal net-

work. One dimensional heat transfer through the insulation is assumed.

External Network

Certain operations, available in the Thernml Analyzer, permit the

user to readily override specific portions of the general network generated

in the Model Generator to accommodate thermal nonuniformltles due to piping,

support members, etc. The external network representing heat transfer

between the tank and its surroundings is programmed by the user directly

into the Thermal Analyzer, permitting considerable latitude in the applica-

tion of this program.

3"19
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TRANSFER J

TANK DATA

TOP HEMISPHERE

r-----__q-----7
J INITIAL

TEMPERATURES J

I I

CAPACITORS I (

I ____-I----_I
YES__PE--_... 1 NO(-2)

CYLINDRICAL TANK WITH _? HEMISPHERICAL
HEMISPHERICALENDS "_ TANK

® ®

m

Figure 3-4. SubroutineINSIDE (NetworkGenerator) (i of 2)

I-OOKHEEO 3-20
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CYLI NDER BOTTOM HEMISPHERE

® I ® I ,I

CONNECT CONNECT TO
TO TOP SECTION
HEMISPHERE GENERATED LAST

I

® ® 1
NODE NUMBERS NODE NUMBERS

AND I NITIAL AND I NITIAL
TEMPERATURES TEMPERATURES

I

® I + 1
RESISTORS RESISTORS
AND AND
CAPACITORS CAPACITORS

I

® ++,u,_)

i I

Figure 3-4. Su_routine INSIDE (Network Generator) (2 of 2)

LooxNeaz) 3-23.
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FIGURE 3-& LIST OF EQUATIONS ,)!
Subroutine INSIDE

UPPER HEMISPHERE

1
NNOD_:_ N_K (NI+NB +i)

Wo_: NB = No. of Insulations

NI = No. of Annular Sections

Nj = No. of Radial Sections

NK = No. of Axial Sections

Radial Resistors

I< NI

(1) Ares -- (:12"_:;) _j Nj J (._}

RT.

}

I=N I

[._/2_(i.½)1/2](4) l_-es : (_)1/2

I >N I

( 5 ) Ares _j RT i -- tBi Nj 'j

(6) _res = tB(I.NI) @

LiiGNHilO _'_

l
it

i
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FIGURE 3-4 LIST OF EQUATIONS (Continued)

Subroutine INSIDE

Resistors Connect Nodei to Node(i + I) -

vhere:

(7) NODEi = I0 + (I - l) + J(Nr + NB + l) + K(Nj)(NI + NB + l) ,_

(8) NODE_I= Io + I + J(N:+ _B+ l)+ K(Nj)(NI + NB + I)

and I0 is the starting node number (input)

i varies from 1 to (NI + NB)

J varies from 0 to (Nj - l)

K varies from 0 to -

Circumferential Resistors

I m NI

res

(i0) ires = _j _NI )

I- (_I+ i)

(11) Ar_s % % t_

1967020835-046
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FIGURE 3-4 LIST OF EQUATIONS (Continued) j

Subroutine INSIDE

I= (NI +NB + i)

NB |
(13) Ares = Nj _ + i =O_ tBi] tTS

(14) _ res = N_ IT + tB cos"=0 Nj

Resistors connect NODEji to NODE(j + l)i

where:

(15) NODEji = IC + (I - i) + J(NI + NB + i) + K(Nj)(NI + NB + I)

(16) NODE, , = In + (I-i) + (J+I)(NI + NB + I) + K(Nj)(NI + NB + i)
(J+l)i

and I0 is the starting node number (input) (

I varies from 1 to (NI + NB + l)

J varies from 0 to (Nj-2)

K varies from 0 to 4 "

l'oconnect last row of radial nodes circularly to the first row

of radial nodes (NODE(Nj_I)i to NODE(j=O)i :

(17) NODE(Nj_I)i = % + (I-i) + (Nj-I)(NI + NB + i) + K(Nj)(NI + NB + i)

(18) NODE(j=O)i = I0 + (I-i) + K(Nj)(NI + NB + I)

"OCKHmED 3-24
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FIGURE 3-4 LIST OF EQUATIONS (Continued)

Subroutine INSIDE

Axial Res_ stors

I < NI

,:19) Ares - NINj cos Nj

(_) Ires- NjkN_ /

I: (NI +i)

2_RT tTW [2_(K + _ 1(21) Ares : Nj cos Nj

(22) 4es : -N.

I: (NI +_B+ i)

(23) A 2 _tTS + tB cos _ (K + 1
res = Nj i = Nj

NB i) i2___/ + _otB i(24) _res = Nj_ i =

Resistors connect NODEKi to NODE(K + i)i I

where:

(25) NODEKi = I0 + (I-l) + J(NI + NB + i) +K(Nj)(N I + NB + l)

(26) NODE(K+I)i I0 + (I-i) + J(NI + NB + i) + (K + I)(Nj)(NI +N B + i)

3"25
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FIGURE 3-4 LIST OF EQUATIONS (Continued) i

Subroutine INSIDE

and I0 is the starting node number (input)

I varies from 1 to (NI + NB)

J varies from 0 to (Nj-I)

K varies from 0 to(_-I)

Capacitors

I< NI

2nRT3 [(_i)3/2 (_-!i)3/2] Is 2_(K+l) sin 2_.KI
_, (27) Vcap - 3 Nj - in ---_j - Nj J

I--(5 �i)

2ztRT2[t _] Is 2- (K+I)sin _jK] (_(28) Lap : 5" _W -_j -

(%.+l)<I< (NI.+_B+ l)

2.._ tB + tB(29) V_ap : Nj T + _ tBi--0 (I-NI) (I-NI-I

X [sin 2-(K + i) sin 2 _K 1

I--(NI+% + l) 2

= 2_ + otBi + tT(3o) Yeap Nj T :

X in 2u (K + l) sin

-OCKHeBO 3"26
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J FIGURE 3-"+LIST OF EQUATIONS (Continued)

Subroutine INSIDE

C_LINDER

N_ODE= NjNK % +NB+ l)

Radial Resistors

I < NI

(31) Ares - Nj NK + ! 1/2
LOG -

e

(32) _res - (NI)I_ I + 2" -

I = NI

(34) _res - (NI)I/2 " -

(NI +NB)> I >I_I
@

(35) A 2mL 1

res - NjNK + _ tB + 5 _B(I__I i
i=O i i

(36) _res = tB(I.NI)

LO(=KHltO 3-27

i
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FIGURE 3-4 LIST OF EQUATIONS (Continued) I

Subroutine INSIDE

ResLstors connect NODEi to NODE(i + i)

where:

= I + (I- l)+J(NI + NB + l)+_(_j)(_I+ NB+ l)(37) _0_Ei 0

(38) NODE(i_l)= I0+ I +J(NI +NB + l)+K(Nj)(NI + N_+ l)
is the starting node number - either input or computer determined as:

and, I0

=I +_N#_% +NB+l)
IOCYL OUPPER

H]_4ISPEERE

I varies from 1 to (NI + NB)

J varies from 0 to (Nj -1) i

K varies from 0 to (_ -1) I

Circular Resistors I

I_ NI

(39) Ares = (NI)I/2NK I)I/2 - (I - i)I/

2.RT . i_1/2

I= % + l)

(41) Ares = K _W

2=_r
(42) Ires - Nj

' LOCKHI|O 3"28 I

I
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FIGURE 3-4 LIST OF EQUATIONS (Continued)

Subroutine INSIDE

I--(NI+NB +Z)

©t(43) Ares : TS

[_ (I-NI'l) i]tB-' "'J i=O

Resistors connect NODEji to NODE(j + l)i

where:

(45) NODEji : _0+ (Z-i)+J(NI+"_B+ l)+K(Nj)(NI+NB + l)

(46) NODE(j+Z)iIo+ (I-Z)_-(J+l)(NI+NB +l)+K(Nj)(NI+N_+ l)

I varies from 1 to (NI + NB + i)

J varies from 0 Lo (Nj -2)

K varies from 0 to (NK -i)

To connect last row of radial nodes circularly to the first row

(Nj ): "of radial nodes (NODE .l)i to NODE(j=O)i

(47) NODE%_I)i= So + (Z-l)+ (5 -I)(Nz+NB+l)+K%)(NI+N_+Z) _

(48_ NODE(N_)i =Zo + (Z-l)+K(Nj)(NI +NB +l)

Axial Resistors

z _NI

(49) A -
res NjN I

"29
I..OiDKHIKID

] 967020835-052
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FIGURE 3-_ LIST OF EQUATIONS (Continued) _'

Subroutine INSIDE

I= (NI+l)

= tTW(51) Ares Nj

L

(52) _re_ : NK

I= (NI+NB+ i)

(53) Ares -_j + = tB

L

Ires;

Resistors connect NODEKi to NODE(K + I)i (i

_here: i(55) NOD_K_ = IO+ (I-l)+,T(NI +_ + 11+_%)(_I �11

NODE(_+_)IIo + (I 11 I+N_+11+ (K+_I%I(NI+NB �11

I varies from 1 to (NI + NB + l) i

J varies from 0 to (Nj-I)

K varies from 0 to (NK-1)
i

Capacltors

I_< NI r
m

3"30
L.OGKHEED
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FIGURE 3-4 LIST OF EQUATIONS (Continued)

Subroutine INSIDE

I--(NI +l)

2"RTL It i i](58) Vcap "- NjNK TW + 7 tB

(NI+ 11< I < (NI +NB +l)

2_L i

(59) Vcap = _ + E i tB + 5 tBi=o (I-NIl (I-NI-1

I= (NI+NB+ l)

2_L tB + tT
(60) Vcap = Nj-_ + tBi= NB

LOWER H_SPHERE

i
NNODE = _ Nj NK (NI + NB + i)

d

Resistor and capacitor calculations accomplished in the same manner

as the upper hemisphere calculations. The starting node number, I0 is either

input oi"computer determined as:

IO_ER =lo_p_ +_Nj_(NI+NB+l) T_SP=RIC_
H_SPHERE H_ISPHERE

or IOLowER = I0CYLINDER+ NJNK (NI + NB + i) TANKCYLINDRICAL
H_ISPHERE

I.OOKHEED 3-31
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FIGURE 3-4LIST OF EQUATIONS (Continued) .)

Subroutine INSIDE

SPHERICAL TANK

Attachment of upper hemisphere to lower hemisphere

I -<NI

(61) A
res =

R 1 :

(62) _res = 2_-T_- _ i/2Nj\_I/

I= % +i)

2_RT tTW(63) A -

5

I--% +NB+I)

[,2 wtTS

(65) Ares - Nj + i =0_ tB

(66) _res = _j + tBi=

@

1967020835-055
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_,J& FIGURE 3-4 LIST OF EQUATIONS (Continued)

Subroutine INSIDE

Resistors connect to
NODEiuPPER NODEiLoWER

H2MISPHERE H_MISPHERE

where:

NODEi_pER = Io+ (I-i)+J(NI B �i)
_SPHERE

S

(68) NODEiLoWER = I0 + (I - I) + J(NI + NB + i)
H_41SPHER

I0 = Upper hemisphere starting node number (input)

' = Lower hemisphere starting node numberI o

J varies from 0 to (N.-I)

CTLINDRICAL TANK

Attachment oftener hemisphere to cylinder

IS NI

_RT2
(69) A

res -"

i/2

(70) les _RT L

I= (NI + ])

(71) Ares = "" Nj

/r..° KD

Loo..sl. 3-33

• mm m m m _m • • I

1967020835-056



LR 18903

FIGURE 3-4 LIST OF EQUATIONS (Continued)

Subroutine INSIDE

z : (NI + N_+ Z)

res - Nj T + tB:0

(74) Ires = _j T + _" tB + Li = 0 2Nk

Resistors connect NODEi to NODE.
UPPER ICYLINDER
H_ISPEERE I

where : I

(75) NODEiuppER: zo + (I - l) + a(_I + _B+ l) I

H/MISPHERE I

(76) :;0DE.IcYLINDER = I 0'' + (I - i) + J(N I + NB + i)

I0 : Upper hemisphere starting node number (input)

I_ : Cylinder starting node number

J varies from 0 to (Nj-1)

Attachment of cylinder to lower hemisphere

I s NI

(77) A
res =

z/2

3"34'
' LOOKHI[ED

_AL_fOWNI_

] 967020835-057



LR 18903

FIGURE 3-4 LIST OF EQUATIONS (Centlnued)

Subroutine I_SIDE

I--% + i)

2_RT tTW
(79) A =

res Nj

RT L(so) L =

z = (NI +._B+ l)

2"tTS[R NB i]
(81) Ares = Nj T + ___ tBi 0

Resistors connect NODE to NODEiLoWERICYLINDER

H_4ISPHERE

where:

(83) _moE. = _'"+- 1)+
ICYLINDER 0 '± " Nj(NK" I)(NI + NB + i)

+ J(5.+NB+ 1)

(8_.) NODE. = 16 + (I - I) + J(NI + NB + i)-tLOWER
HEMTSPHERE

I_ = Lower hemisphere starting node number

" = Cylinder starting node numberIo

J varies from 0 to (Nj-I)

/

LOOKNUUO 3-35

_ L

1967020835-058



I_ 18903

)
TANK FLUID GEOMETRY

Three subroutines, GEOMG, GEOMVG, and GEOMNG, are used to determine

the state of individual nodes. The appropriate routine is called by sub-

routine CONTRL whenever a change is noted between computing intervals in

any one of the three following parameters:

1. Magnitude of the gravity (net acceleration) vector

2. Tank liquid _iume

3. An_le between the major axis of the tank and the direction of
gravity vector (inclination angle)

The routines are used under the following conditions:

GEC_G - gravity, inclination angle 0° or 90°

GEOMVG - gravity, inclination angle between 0° and 90°

GECENG - zero gravity

Utilizing basic tank geometry input information and the current

l_quid volume ir the tank, coefficients are determined for the equations _

used to define and locate the gas-liquid interface. Programmed trigonometric

relationships are used to identify internal tank nodes as either liquid or

gas nodes.

Under zero-gravity conditions, the gas-liquid interfaca is considered

to assume a minimum energy (spherical) configuration with the vapor surrounded

by the liquid. It is assumed that all of the liquids used will wet the tank

wall materials and therefore, under a zero gravity condition, the tank walls

will always be covered by a liquid layer. The program further assumes that

if the center of mass of a network element is located at or within the liquid

region, the element comprises a liquid node; and conversely, if the center

of mass of the element is located withKn the gas region, the node is gaseous.

The resistance to heat transfer across the interface# in the absence of

forced convection heat transfer_ is assumed to be predominantly gas region

resistance. Therefore, all resistors which connect a liquid node to a gas

node are considered equivalent to gas resistors.

The present routines permit interface location and gas-liquid

node identification for both spherical tanks and cylindrical tanks with @

LO©X.,ZD 3-36

°.,
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hemispherical ends. The net acceleration vector may be oriented at an

angle between 0° or 90° to the longitudinal axis of the tank.

Subroutines GEC_NG and GEC_G

The flow charts provided in Figure 3-5 show the sequence of computer

operations performed in subroutines GEflMNGand GEGMG. Following is a llst

of associated nom2nclature and equations pertaining to these subroutines.

Specifically, the computer proceeds as follows during a computation

interval:

a. The magnitude of the gravity vector is checked to determine

the nature of the gas-liquld interface. If gravity is not

zero, the surface is determined to be perpendicular to the

gravity vector. For a zero-gravlty condition, the gas space

assumes the shape of a bubble loeated in the center of the

tank.

b. For a spherical tank, the radius of the gas bubble is computed

using equation (4) from the known volume of vapor in the tank.
Then each node is checked in steps (5) through (9) to see

whether it lles within the gas bubble or in the liquid region.

c. If the tank is cylindrical (with hemispherical ends), the

radius of the bubble is compared with that of the tank (step

(ll)). If the radius of the tank is greater than that of the

bubble, the nodes within the cylinder are checked to see if

they are within the gas or liquid region (steps (13) through

(17)). If the radius of the bubble is greater than half of

the cyllnder length, then the nodes within the hemispherical

ends are checked for gas or liquid location in steps 18

through 23. For a bubble radius greater than that of the tank,

the bubble assumes a cylindrical shape with hemispherical ends

and a radius equal to that of the tank. The nodes are then de-

termined to be either within the gas or liquid region (steps (24)

through (_3)).

)

aOOKHmao 3-37
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)

®

I i I

Figure 3-5. Subroutine GE(NI_ (Zero Gravity) snd GEOM_(Gravity) (1 of 6) O

LOOK.me. 3-38
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) -

TEST

CYLINDER

I NODES LG VG
K NODE

® ®

TEST
@ CYLITESTNDER (_ HEMISPHERE

NODES NODES

) R' NODE R'NODE

® ',,,ooe<'_ @_ ®

--'s ls:i vLIQUID GAS L

I !
® ®

(_ REM_ NINGTANK NODES
ARELIQUID

!
® ( =ru,_,)

ii u ii i i i lllul| u ii|i , m|

Figure 3-5. Subroutine OECI4N(}(Zero Gravity) end G_)K} (Ora__ty) (2 o1" 6)

3"39
I,,OOKNIKIKD
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SUBROUTINEGEOMG (GRAVITYGEOMETRY)

®,! _H

UPPER UPPER JTESTLOWER TESTUPPER

HEMISPHERE HEMISPHERE JHEMISPHERE HEMISPHERE ONODES ARE NODES ARE J NODES NODES

GAS .... GAS I ONLY ONLY

c

Jl PI
i

! Figure 3-5. SubroutineGECRNO (Zero Gravity) and OEOMO (Orovity) (-3 of 6) O

°. 3-_o
LOIDKHEED
¢&&0POm_lA

! n • _ i _i u • i u mnu nu n

] 967020835-063
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® I' INODES OF UPPER
YES NO HEMISPHERE

IN GAS

CURVE Vc _v : f(d)

dI = RT - d YESv

TESTUPPER J
HEMISPHERE Q

NODES ONLY J NO

I® CYLINDER TEST

NODES CYLI NDER
IN GAS NODES

ONLY
DE IVl =

v=+2vH-vc •

V H + V¢ - V GTESTLOWER 7r
HEMISPHERE

NODES ONLY (_ FIND

CURVE _ DNODE

• IN LIQUID IN GAS
d" = - d (83_

F I ._o ®, DNODE

c,.-_ _ _°'1 ;o0,GAS I LIQUID

2 '®J_°'l ,s
"°=°1 I_AS I

( ,,,u,. )(9

ii

F_4_ttre 3-5. Subroutine GZCIWG(Zero Gravity) and GEO_ (Gravity) (4 of 6)

LOOXNSXO 3-_Z

| •
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N_,TmN

@,,_t';'+,, ,,,o,,,® ®' '+,,,

@ ":""' I " @ ®
I"

0 Q

kGOTO.m,,2,J

F:14D_e3-5. 8ub,-outtneOleCNqG(Zero O_.vtt¥) and OBOI_(01"av'lt¥) (5 of 6)

LOOSe.man 3"_"

n mmlmm m n m m m • u m m n
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TEST

Q HEMISPHERENODES

YES NO ASSUMEZERO
C = I LIQUID

YES YES

No (_ ,o
RETU?,N

LOOK.nO 3"_3

i i m I

] 967020835-066
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FIGURE 3-5 LIST OF EQUATIONS

Subroutine GEOMNG and GEOMG

_/3

(4] Re, :(_)

[I _\½ '
(o) _oDE = \ h_i-) _T

(1o) % : sameas (4)

+ L(K+_2) 2 _

(_3> -_o_ : _ (_-

_,_'_..... / 0

(24) vo --_13_'_

(25) _'o = v - vo

L 1

I

i _"
)

¢

i LOCK.g.,D 3-_

l

m m mm mm l mm nRm m •
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FIGURE 3-5 LIST OF EQUATIONS (Ccntinued)

(46) vH = 2/3.R_

(47) a. VG = MG/p
G

b. vL =

(53) V _/3

(54) d' = RT - d Where d = f (IVY)

(62) DNOD E = RT sin _ (K+_2)

IW>½ 2_ i
(63) D_ODE : RT ,In_j(J+_)

(72) VH = Same as (46)

(74) v -: same as (53)

(75) el' = Same as (54)

(77) DNODE = Same as (62)

(8o) vc _-._2 L

(Sa) v = sameas(53)

(83) a' = sam,_(9) _

(86) D_On_ = s_ u (62)

VH + Vc - VG _.(91) a' - _

LOOK.-,aO S-_5

i i

] 967020835-068
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FIGURE 3-5 LIST OF EQUA_ONS (Contin1_d) :3

(93) DNODE = L__(K_-)
_K

V

(_9) v : vH +
2

(i01) WHEN C = 2; VL>VT
2

(102) WHEN C = i; VL< VT
2

(I03) V = w--d2(3RT-d)
3

+ L (_'RT_- b-d) 2-(RT-d)2 + R_ sin 0

2

!

(foe) a a a (c= 2)

!

(lO7) a = =- _5a_= = +S (c= i)1 2

(nl) _Nooz :

@
LOCKHEED 3-46
CALIPO_tCt_

mira i • ip m i I mi • i ni i mi elm i i
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FIGURE 3-5 LIST OF EQUATIONS (Continued)

2

(112) INODE = _

(116) "NODE = Sameas(111)

(117) INODE = Same as (112)

(II7A) I' = _ [(eos_)[sec ('2-(J_)/Nj')]J

' a = Same as (107)(123) a. _1 2

b. _NODE = Same as (lll)

(124) I_00E : Sameas(112)

D
Ke ec(125) z, -- _ cos_ ) ._ec _" (_ +

(128) a. a ' a = Same as (106)
1 2

b. aNODE = Same as (iii)

(130) INODE = Same as (112)

(131) I' = _ I(cos--_)[sec<_Ir(K+_21)>] [secIl%_r(J+_2z)l>]]

D
I.OOKHUlIO _'47

i • i i l • m i
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d. Under gravity conditions, the liquid level is computed as a

function of tank geometry and liquid volume remainir_. For

a spherical tank, the depth of liquid is determined in the

lower hemisphere, or the depth of gas in the upper hemisphere.

The nodes are then located in the correct fluid region, as

determined from the liquid surface and the angle between the

gravity vector and the axis of the tank (steps (46) through

(69)). The angle is checked to determine whether GEOMG or

GE0_G should be used.

e. For a cylindrical tank with the angle equal to zero, i.e., the

main axis of the tank aligned with the gravity vector, the

section in which the interface is located is determined. Then

the nodes in that particular section (upper or lower hemisphere,

cylinder) are checked as to phase region (steps (70) through

(96)).

f. With a cylindrical tank and an angle of 90o , i.e., the main

axis of the tank is perpendicular to the gravity vector3 the {Z

surface will pass through all sections of the tank. The liquid

height is computed and the node location is determined as a

function of the angle subtended by the wetted surface of the

cylinder. The nodes are defined to be either in the gas or

liquid region (steps (97) through (133)).

a
LOCK.Zeo 3"]_8

l I I m I ! I I I I I
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Subroutine GEOMVG

This subroutine is called whenever the angle of inclination of the

tank is between 0.i° and 89.9° from the direction of the net acceleration

(gravity) vector, as shown schematically in Figure 3-6.

Figure 3-7 shows the sequence of computer operations, and is followed

by a list of the programmed equations. Referring to the tank in Figure 3-6

when the inclination angle is between 0° and 90°, the program determines

d, the height of the surface of the ilquid above the apparent bottom of the

tank when tilted at angle _. Also, it tests each node to determine whether

it is above or below d. Any quantity referred to as height will be measured

along the local vertical (gravity vector).

Ti_eliquid surface may lie in one of four regions: (i) in the upper

or lower hemisphere exclusively, (2) in the cylinder and the upper or lower

hemisphere, (3) in the cylinder and the upper and lower hemispheres, and

(4) in the cylinder, exclusively. GEOMVG first determines into which of

these four regions the surface falls, then uses an iterative procedure to

determine the value of d. An iterative procedure is needed here, since d

cannot be solved in closed form for a given gas vol_e VG-

A detailed description of the computer procedure follows. (See

Fig. 3-6 for a definition of terms.)

If the tank is full, VG = O, set all nodes positive. If the tank

is empty, VG = VT, set all nodes negative. For these two cases,

set surface area (SABEA) = (_) _ 0 and return.

"In the following determination of d, let _ - _ . Compute VL
(equat ion (i)).

a.(equationCasel(_)IKASE- i), where either VL or VG is less than VIII i"

If VL<VII I , let V = VL.

If VG<VIII, let V = VG.

V is then contained entirely by the upl_eror lower hemispherical

segment.

Use the Iterative routine (EACL) to solve equation (3) for a,

u_Ingas a st,__tingguessa - O:L(step(_)).

_.OOKNllO 3-_9

1 1 I n l 1 _ 1 _ 1 n
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%

L \
\

LIQUID

LEVEL l

L_ T

Vii(a) VI(O) i' 1

HMAX
d

t'HMIN III _,

F_ure 3-6. Schematic of Tank Inclined at an Ansle ¥

i _.o_,,.,0 3-50

1967020835-073



LR 18903

NO
NTYPE= 1 EXIT

YES

YES

NO

YES
VT - VG

NO

VL

!

COMPUTE

v,,,®

i I

Figure3-7. Subroutine GEOMVG (VarLeble Angle Geometry) (1 of 8)

LOOXN"Sn 3-51
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>

V= VL

,, i, •

Fi_n'e3-7. Subroutine GEOM_ (Variable Angle Geometry) (2 of 8)

Loc..ll. 3-52
¢auPom_,a

ml • m i | ii w i
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-t T -° -(I T -°)

m

Figure 3-7. Subroutine GEOMVG(Variable Angle Geometry) (3 of 8)

=.OOKMUO 3-53
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ij

IV__I

loJl
Io,_I O

i_"T"I
YES NOV =V L

I Figure 3-7. Subroutine GEOMVG (Variable _ngle Geometry) (4 of 8) O

LOOX.,reO 3-5_
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)

YES
ISTRAT

KASE=0 S= 0 J
I

KASE=I YES S=SI @

_,Es s=s.@ I
I

KASE=3 YES S= SllI @ I

NO

S=Sv@

i SAREA=S J

g

F:l.gu.z'e 3-"f. Subroutine OEOMVI3 (Variable Angle Oeome'_'y) (5 oq' 8)

Loolc.lnn 3-55

| i • |
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TANK POSITIVE

NO

SETALL NODES IN[ _ .

TANK NEGATIVE jJ,=,e_ EXIT )

NO
SETALL NODES
UPPERHEMISPHERE
NEGATIVE

NO

TESTNOTES IN J
UPPERHEMISPHERE I

YES O

NO

SETNODE
NEGATIVE

SET NODE
NEGATIVE

N_ NOOESON
UPPERHEMISPHERE

EN TESTEn

I

Figure 3-T. 8ubroutLne OEOHVO(Variable An_e Oeo_try) (6 of 8) 0

LOOKHIIO 3"56
" CAklPeliWt4

m n m n m m _mm • m
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SI_I'ALL
NODESI N .._,l/_n_

CYLIN DER "-"_._NEGATIVE

NO i_

TESTNODESIN
CYLINDER

SE1 NODE
NONEGATIVE

YES

®
liB ii i ilmlll i

Ftr_'e 3-7. subroutine mDem (vm'_b].e JU_.eoeo_t,w.) (1' ot' 8)

0.o_K0,0mmo 3-57

• Im i i I
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I TEST'_ESI
IN LOWER

HEMISPHERE

NO NO
i_. POSITIVE

NO

YES YES

YES

_.c_/, so_1,. I

f

I -ii , ii ii i

Figure 3-7. Subroutine GEOMVG(Variable Angle Geometry) (8 of 8)

r

?
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FIGURE 3-7 LIST OF EQUATIONS

Subroutine GEOMVG

(1) VL = VT - VG

]=9 _ (I - s-in._)2 (3 - (i - sin@))
(2) VIII 3

(3) V = 3_(_,- a)2 (2_ + a)

1 (_ + RT sin@)(4) el :

(_) 2_ --2_ + T,oos@

(6) _u%X = _ + _ sin@

(7) _L = L cos@ + _ - RT sin@

(8) W' =-2=R_+ =RT3tan@3

(9) Vi(a) = _ (sin@(3 - sin2@) - 7) - cos@ +3

3 s--_n2@] sinR@-a " +

sin-i co___t.@._1 a

_-:VJ_<__-_>+

-_ sin- 2
-

LOOK,.,In 3-59
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FIGURE 3-7 LIST OF EQUATIONS (Continued) ()

Subroutine GEOMVG

-"__J(.-_._1_--_n_-_., _Jn_4J
(ii) V = Vi(a ) + Vii(a ) + VIII

(12) vK = v_iq - v,

(13) d, = VK/_RT2

(14) a : i, + a'¢o_¢HMAX

(15) "¢" = VI (RT- _CYL) + VII (RT- %I') + VIII O

i_, +i
(161 G2 = RT " (2 C'YL _ (RT - RT sine))

(17) a' = - (a + Loos¢)
2

(18) V : Vi(a ) + Vii(a) - VII (- a') +3 _rR_ - Vi(a' )

i i _,
(19) G3 = RT " 2 _{AX - 2 CYL

(20) r = JRT2- a 2

2
(21) SI = _"r

4# ....(22) R' = - a 2

O
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FIGURE 3-7 LIST OF EQUATIONS (Contlnued)3
Subroutine GE0_NG

= _ + R' 2 sin

(23) SII 2 + t-_@ tan 2 @ R' tan@

i I_ a /_ a2 RT2 sin-i IR a _I
- sln--_-___RT2 sin_- T sin

+

_2
t T

(24) sln -
CO'-:

_.2 a,2(25) R" -- _,_-

(26) SV ='c-os@[s-_--n*_ RT sin * RT RT sin

+ - .-_.a,+ IT sin in
sin _,

=

+ _R '_ + ._a ,2 . _ + R,2 sin-i

2 tan @ tan 2@ ' tan

a' .2 _ _+ R,,2 sin-i R"
+ +--

tan_ tan _ tan

_0DE (INi i'_/2 sin(_j" l_

(27) - R_ (K-

I,
<,, °=oo,. +'oo,.°"'

|

LOOK.mmO 3-61
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FIGURE 3-7 LIST OF EQUATIONS (Continued) _j

Subroutine GEOMVG

(30) _IN = RT - RT I sin_l

L (K - 1
(31) KNODE = L - _K _)

<32) IN : KNODE cos_ + _'_4IN

(33) _ =_oD_cos¢ Tl_in¢I �_'HMIN

(_4) R_ODE- RT oos 2_ (j_

(35) DNODE = KNODE cos@ + RT Isin_l + R_ODE sin_

(36) EACL - Built-in convergence routine based on Aitken's
method (Iterative linear interpolation to solve

for a.) O

I.OCKHRIRID 3"62
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If V --VL , then d --RT - a.

If V = VG , than d -- _'T - _ + a.

where _ is the apparent total height of the tilted

tank (step (5)).

b. Case II - WhereZ'HMAX (step (6))"_'CYL' (step (7)), _'HMAX is the

height of the highest point in the lower hemisphere, andL'Cy L is the

height of the lowest point in the upper hemisphere), and eitber

VL or VG is less than V' (step (8)). This means that the liquid

surface is in the cylinder and the upper or lower hemisphere,

but not both•

If VL< V' let V =, VL •

If VG< V' let V = VG

Use EACL to solve equation (ii) for a. Use a = o for starting

__ guess.

If V = VL , then d = RT - a.

If V = VG, then d = _ - (_ - a).

c. _Case III - Where _'CYL > _'HMAV' and VL >V' and VG>V', i.e., the

liquid surface intersects the cylinder only. Compute d from

equation (14); the iterative procedure is not needed.

d. Case IV - Where _'CYL < _4AX' and either VL or VG is less than

V" (step (15)), the liquid surface is in the cylinder and upper

or lower hemisphere. This condition is the same as CASE II_

except that different limits must be set on the iteration scheme,

since the pcsitlon of the tank is such that the surface coald fall

_uto the upper and lower hemispheres concurrently.

If VL< V" let V = VLp

V 't, let YIf VG< - VG .

I.ooK.mzo 3-63
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Use EACL $o solve equation (ll) for a. <)

Use G2, (step (16)) as a first guess for a.

If V = VL _ then d = _ - a.

vG ' - (R-a)If V = , then d = fT

e. Case V - Where _CYL<' _' VG-- HMAX and VL and are greater than V',

i.e., the liquid surface is in the cylinder and the upper and

lower hemispheres.

Use EACL to solve equation (18) for a, Use G3, step (19),.for

a first guess for a. Then d = RT - a.

f. Col_iputatlonof vapor-li_uld interface area - If surface area com-

putation is desired, ISTRAT_ 0.

Cases I - V correspond to Cases I - V, preceding

Case I: S = SI, step (9_I)

Case II: S = SII, step (23) O

Case III: S = Sill, step (24)

Case IV: S = SII, step (23)

Case V: S = SV, step (20)

g. Upper Hemlspherc - Where d S _CYL s_ep (7), set all nodes in the

upper hemisphere negative and go on to cylinder. (Node is used

in this context to mean the capacitor value corresponding to the

node being tested. )

If d - _'CYL<_ Isin_land_Is positivel then all nodes for which

< N <2- are gas nodes.
J

If d- _'CYL< R I sinai and_is negative, then modes for which

. 3 -
--< <--
2 N 2 are gas nodes.

J

Otherwise_ the height of the node above _/L_ DNOX_P step (29)

must be computea. @

LOCK..-., 3-6
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J If DNOI_ <_d - _'CYL' the node is in liquid.

If DNOIE >d - _'CYL' the node is a gas node.

h. C_vlinder- If d< L' (step (30)), the lowest point in the

cylinder, all nodes in the cylinder are gas nodes.

Also, if for any K, _' (step (32)) >d, all nodes for thisEMIN

K are in the gas region, and if _' (step (33)) -<d, all

nodes for this K are liquid nodes.KMAx

Otherwise the height of the node aboveL'HMiN, DNODE (step (35))
is computed.

IfD + _'
NOIE HM_ > d, the node is a gas node.

If DNOIE + L' _ _< d, the node is in the liquid region.

i. Lower Hemisphere - If d >_'HMAX (step (6)), all the nodes in the

lower hemisphere are liquid nodes.

If d >RT, and ¢ is positive, all nodes such that l

) _<Nj(J-1/2)< are in liquid. If d > _ and e is negative, all

nodessuchthat- < areinnq d.
J

Otherwise DNODE (step (29)) must be computed for each )

node, where here DNODE is the _eight of the node below tHMAX.

If _'

_AMAX- DNODE >d, the node is a gas node. !
If _'HMAX " DNODE __d, the node is in the liquid region.

Any node found to De in gas (liquid) has had its corresponding

capacitor value set negative (pos_tlve).

)
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TANK FLUID MASS - ENERGY BALANCE _#

This subroutine (CONTRL) pe_forms thermodynamic mass and energy bal-

s_ce computations on the system as a result of heat input with time (computed

by the Thermal Analyzer heat balance), and fluid volume changes resulting from

utilization, pressurization, addition, and venting. The basic relationships

used in this subroutine account for the accumulation and depletion of mass

and energy transfer between phases by conduction, evaporation, and condensa-

tion.

Figure 3-8 contains flow charts which show the sequence of computer

operations performed in this subroutine, and is followed by associated nomen-

clature and equations.

Specifioally, the computer proceeds as follows during a computation

interval:

a. If this is the first time that CONTRL is executed, iuitial con-

ditions and storage locations are set up. (Fig 3-8, step (1)).

b. If this is the second time through CONTRL, subroutine GEOMG,

or GEGMVG is called to determine which of the nodes are in O
GEQMNG

gas and which are in liquid. Based on the results obtained here,

capacitors and resistors associated with the contained fluid, the

tank walls and insulation layers are computed in step (2).

c. Average gas space temperat_Areand average temperature are computed.

d. Maximum surface node temperature is found.

e. Masses of condensable gas and non-condensable gas are found

(step (3)). Using the average gas space temperature determined

above, and the previous mass of condensable gas in the tank

(equation (3a), the computer continues in the computation of the

condensable gas partial pressure. If the fluid is under a gravity

condition, the liquid surface temperature, Ts, is interpolated

(equation (8)) between the hottest liquid node temperature and

the gas node _emperature directly coupled with this liquid node.

The surface temperature_ Ts, is then used in the computation of

the condensable gas partial pressures and the maximum liquid n0de

temperature, _A_IAX,is replaced by _s. @

-ocx..,,o 3-66
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f. If the average gas region temperature, _G' determined from step 3

is less than or equal to TLMAX, the partial pressure of the con-

densable gas is determined from a curve of the liquid Val>or

pressure versus temperature. The new mass of condensable gas in

the gas region is then computed from the gas law relationship

(equation 12b)). If T-G is greater than TLMAx, the gas is con-

sidered to be super-heated, and its partial pressure is determined

from the known previous mass and the gas law equation (equation

(n)).

The change in mass of condensable gas, mcc , in the _fstem is then
determined by difference.

g. The cha_ge in the system energy balance due to mass transfer is

computed in subroutine $5059 if m is greater than the allowedcc

tolerance (set at O.O1 lb, Em, but can be changed in the program).

The transport of mass across the interface occurs by condensation

or evaporation. It is assumed that the net result of mass trans-

_ ) port is an increase or decrease in the liquid region specific
energy (i.e., only liquid region temperatures are affected).

h. The extent of the liquid region affected by condensation or

evaporation is dependent upon the specific system circumstances at

the time, and in some instances, magnitude of the rate of evapora-

tion, as defined in the Table 3-1.

TABLE 3-i

THEP_DDYNAMIC EFFECT OF MASS TRANSFER
f

Region Temperatures Affected by:

_stem Condition Condensation Evaporation

zero-g, no fl_ liquid surfac_ bulk liquid

zero-g, with flow bulk liquid bulk liquid ;

gravlty, no flow liquid surface liquid mzrface_ •
or bulk liquid

gravity, with flow liquid surface liquid surface

_ or bulk liquid _-

.ooac.s,,. 3-67
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// _ k
Flow indicates liquid addition or depletion. _S

Surface indicates liquid nodes adjacent to the gas-liquld Inter-

face.

3_]The effect of evaporation depends upon the magnitude of t,_epro-

cess. Under the influence of gravity, it is assumed that when

sufficient energy is removed by evaporation to reduce the gas-

liquid interface temperature below the average temperature for the

liquid node adjacent the interface, bulk liquid temperature equali-

zation occurs.

Based on the assumption in paragraph (g), the energy associated

with a particular mass change across the gas-llquid interface is

accounted for as a change in temperature in the appropriate nodes

in the liquid region by means of equation (5) if the average

liquid temperature is changed, and equation (54) if the change is

limited to the surface liquid temperatures.

i. The partial pressure of the noncondensable gas is calculated

(steps (15-17)). (D

In a two-gas system, one of the gases is assumed to be a non- !

pressurant. Using the average gas space temperature, Icondensable

TC, determined previously, and the mass of noncondensable gas in

the system from the summation (equation (3b)), the partial pressure

is compated using equation (17).

The total pressure in the system is then computed as a sm_mation

of the partial pressures of the component gases.

J. The amount of gas vented is calculated (steps (18-20)).

The resultant tank pressure from step (3) is compared with the

desired tank pressure, PMAX' obtained from input data. If t_

tank pressure is determined to be above an allowable over-pressure

limit, FMAX PMAX, the tank is vented down to the operating pressure.

In this rrogram the gas is removed from the vapor space isothermally,

based on the asswnption that the venting process is essentially a

constant pressure process. For a multigas system_ it ie also @

aooK..,,o
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i assumed that the composition of the gases vented is the same as

the composition of the gases in the tank immediately prlo, to

venting. The amounts of the gases vented, m_, and mCV, are

determined from equations (20a) and (2Oh).

The mass of the non-condensable gas vented, mNV, is removed from

the system (equation (_b)). The mass of the condensable gas

removed from the gas space is also accounted for (equation _a)).

The resultant change in energy due to evaporation is computed ,.ts

before in steps (50-59).

k. The amount of pressurizing gas required is computed (steps (23-32)_I°

The resultant tank pressure from st_ps (3) or (4) is compared with

the desired minimum tank pressure, PMIN, obtained from input infor-

mation. If the tank pressure is below the specified minlmt_n,FMIN

PMIN, pressurant is added to the system. The pressurant is assumed

to expand isothermally (isenthalpic) within the tank (equations

(2_a, b, c)). The temperature of the incoming gas is computed
)

either within CC_TRL (equations (24c, 24.2)) _n the Thermal Analy-

zer function block using equation (2_.2))as a function of pres-

surant storage temperature, storage tank expansion cooldown, and

heat exchanger input. The incoming gas velocity is assumed to be

high enough to result in complete mixing in the gas region, permit-

ting the use of mixed gas properties at an average temperature for

the mixed gases as determined in equation (28).

The average gas temperature, TG, after pressurization is checked

against the liquid saturation temperature_ TSAT, at the system

final partial pressure_ PMIN' which is obtained from liquid pro-

pertles tables. If the average gas tsmperature is greater than

TSAT, the gas is considered to be superheated and no condensation

occurs_ but evaporation will be accounted for in the succeeding

computation inter_al. If the gas space average temperature is

less than or equal to TSAT, the partial pressure of the condensable
gae is determined frcm the liquid saturated vapor pressure at the

)
,.oo,c.,,,,o 3"@
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maximum liquid temperature, T4&AX, and the resultant mass of _.#

condensable gas iu the vapor space, mc2, is recomputed from gas

law relationships (equation (31 b)).

The change in mass of condensable gas due to gas space tempera-

ture change, mcc, is computed and the change in energy accounted

for in steps (50-59).

1. The amount of liquid withdrawn or added is computed (steps (34-37)),

from mission input information. It is assumed that either the

withdrawal from or the addition of liquid to the tank creates

sufficient disturbance within the liquid region to destroy thermal

stratification.

The mass of liquid withdrawn is computed (equation 34a) as a pro-

duct of the utilization rate input information and the computing

interval. Similarly, the mass of liquid added is computed (equa-

tion (34b)) from addition rate data.

The change in liquid mass is computed by summing the changes in

mass during the computing interval, and a new liquid mass is &J

determined (equation (35a)). Using the assumption that thermal

stratification is _estroyed by addition or withdrawal of liquid, a

new average liquid temperature is computed (equation (35b)) by

averaging the sum of the thermal content of the liquid already in

the tank and the liquid added,over the total liquid mass in the

tank.

m. The computer then determines th_ change in volume of the gas space

resulting from the change in liquid volume (equstions (36a) and

(36b)), using the algebraic sum of the masses of liquid added or

withdrawn computed in the preceding step.

n. T"n_difference in gas volumes between the present and previous

tlmesteps are found (equation (38)).

o. If it is found that the g_s volume (set at a tolerance of 0.001)

ft3, EG, which can be changed in the program) has changed sig-

nificantly, or that ther.:has been a change in either the gravity
U

i • LOCKHS--,D
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vector or the angle between the tank's longitudinal axis and the

gravity vector, it is determined which nodes are now in liquid

and which are now in gas. Capacltorz and resistors are recalcu-

lated on this basis (step (40)_.

p. If there has been a change in the liquid volume or in the angle

between the gravity vector and the longitudinal axis of the tank,

all liquid node temperatures are set to th_ average liquid tem-

perature (step (41)).

q. If there has been a change in the angle between the gravity vector

and the longitudinal axis of the tank, all gas node temperatures

are set to the average gas temperature (step (42)).

r. A new overall temperature is computed. If there has been a change

in the gravity vector, all node temperatures are set equal to this

new overall temperature (step (43)).

s. If pressurant is not being added during withdrawal of liquid, the

change in gas space temperature during the computing interval is

computed assuming the total gas region undergoes a reversible,

adiabatic expansion from the initial volume to the final volume

during the period (equation (36)). This change in average gas

temperature is then added to each of the nodes in the gas region

(step (45)). Heat transfer daring this process Ls accounted for in

the subsequent thermal balance.

If pressurant is being added during withdrawal of liquid, the pro-

gram assumes complete mixing of the incoming pressurant with the

gas in the tank. Energy of mixing is assumed to be a second order

effect and is not considered in this program.

For mixed gases, the thermodynamic properties (partial pressure,

specific volume, heat capacity) are considered additive and the

transport properties (conductivity, viscosity) are taken to be the

weighted average value based on the summation of the individual

component values. The weighting factor being the concentration

of each component in the mixture.

)
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1
t. The effect of radiation upon the liquid surface nodes is computed _ ,

l

and added to all liquid surF'acenode temperatures (step (46)). I

u. If a significant change in either average gas temperature, average i

liquid temperature, or total pressure has been found, resistors

and capacitors are computed based on these new temperatures and

new pressure, and new average gas and average liquid temperatures

found (steps (47)-(48)).

v. An indicator is examined to determine whether the effect of fluid

stratification is to be considered (step (49)).

w. If fluid stratification is considered, the effects of fluid stratl-

flcation are added to the system only if all of the following are

true:

i. non-zero gravity condition
2. no liquid usage
3. no liquid addition
4. volume of liquid in tank greater than EPSIVL

If all of the above conditions are satisfied, and if further it is
|

found that any turbulence created by bottom wall heating does not ,k
destroy any existing stratification, the effect of fluid stratifi- k.2

cation upon all liquid layers is computed and added onto all liquid

nodes (step 49.1)).

x. If time has reached a print-out time, output quantities, as

specified in write instructions included near the end of CONTRL,

are printed.

y. The quantities listed below are used as tolerances by CONTRL to

determine how often to recompute fluid resistors and capacitors.

Whenever these tolerances are exceeded, subroutine RECALC is

called to update these elements. These tolerances are used as a

machine timesaving device to prevent unnecessary calling of RECALC.

EPSIGT -Tolerance on average gas temperature

EPSILT - Tolerance on average liquid temperature

EPSIPR - Tolerance on total tank pressure.

EPSIVL - Tolerance on liquid pha.e existence (for stratification
purposes only).

0
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SUBROUTINE CONTROL

8-- TIME
.%_= TIME
GRAVITY = f (8)
ANGLE = f (8)
FMLU = f (8)
FMLA : f (8)

ILA = f (8) Q

Z VG -: %GAS 0 * VTANK

GOLD:GRAVITY

(_)/'_ emANGOLD:: .01 ANGLE
NO/SECOND_ NO/ TIME _ YES eG .001

< TIME _ THROUGH _ -- Zmcv : 0.0

\THROL _y _ £mCA = 0.0

ZmNV : 0.0

ES EmNA = 0.0
ZmCC : 0.0

£'nLU : 0.0
EHExT = 0.0

CALL GEO MGA : 0.0 ,.

) Zx : f (PHO,THO)
VHB * PHO * 144. * MOLx

I WHO ": Zx'1545 "THOCALL GEOMG PC = f(To)

, (RETURN)_ PN PO - PCZc = f (Pc, TO)

I J ZN = f(PN'TO)
PC * MC * VG * 144.0

CALL RECALC mco 1545. * TO_l Zc•PN * MN * VG * 144.

r !I / ; m NO = ZN * 1545. * TO L

I CALL RESET(4) _CALL SURF J @L (PR,TO)I
! m

e L = f(P, TL) LO = (VTANK " VG) *eL

CVL =f(P, TL)

-- _ CVGC=f(PC'TG)
CVCN--f (PN'TG)

kL = f (P, TL)

kGC = f (Pc' TG)

kGN = f (PN' TG)

i

Figure 3-8. SubroutlneCOIfTRL(Mass end Energy Balance) (1 of 5)

3-73
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NO

CALL S5059

, i i

Figure 3-8. Subroutine CONTRL (Mass and Energy Balance) (2 of 5) O

Loc..,,. 3-7_
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r .P6_J m GA=mCA

NO mLU=0.0 YES

YES GAS
BEFORE SYSTEM

®
'ES TG

CALL RESET('[GAS, 2)

Q YES BEING Q (_

mLU NO
mLA

mL !
_) TL

Q PC, mc

mcc _
YES PRESENT NO

_CCI > 'm

CALL S5059

®

.-ocx.,,Io 3-"_

1967020835-098



LR 18903

b_J
PRINT

FORTHIS

NO

Q RETURN

t:::""IVG1-AV 0
STRAT

CA LLSTRAT TO BE

AND YES

;RAVITYAND=
ANGLE =

CALL RECALC
CALL

CALL GEOMG CALL RECALC <EPSIPRAND 0

(_ <EPSIGT AND YES

mLA# 0.0
YES OR

CALL RADIAT

(TL , I)
CALL RESET

(aT, 5)

ANGLE

AT

NO

CALL RESET CALL RESET

(TG,2) (rALk, 3)

Figure 3-8. Subroutine CORTRI, (Mass and Energy Balance) (4 of 5)

O
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SUBROUTINE$5059(PARTOF SUBROUTINECONTROL)

®L ITL = TL- mCC, X/£(OVCio)L

dO>_,. YES -- _ YES

® ,,,o ,,s® I

-cc.,</:<,,,,c,,,_u,,.,.,oo,s (._,,_u,,,,,")_

1

n

Figure 3-8. Subroutine CORTRL (Mass and Energy Balance) (5 of 5)
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nou_ _-8LISToF_QUATIO_S <J
Subroutine CONTRL

%

n m

_L i = 1 'i + TO i = 1
(2) T-aL---- ....

n+m

i= 1

(3) a. mc = mOO -_mcv +_'q.mcc + _-_mCA

b. % --m.o-_SW +_A

(_) %, % _oM_DAT_ i=_Tio_

ko(TG - _)

TS = TYMAx + ,,
+k G

(9) Same as (5) O

mcZcR _G 1
(11) PC -- " x ---

McVo 144

(12) a. PC = f(TIMAx/ (CURVE)

PcMcVG
b. mC = x i_

ZcR T_AX

(13) race = mco - mCl

(]-_0 P = Pc

(!7) e,. P N = x ----.
._vo x_

b. P = PN + PC

@
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) FIGURE 3-8 LIST OF EQUATIONS (Continued)

Subroutine CONTRL

(19) mGV = - mGIIF--MAX 11

(20) _. %f = - N_ -

b. mcv = - mCl (_--_ -I)

c. mcc = mcv

(2)4.) a. WH = W1 - toGAI x KF

b. PH - PHI 1.0 - '.... N - i

WHO - mGA x HF

WHO - toGAx HF
R=I

pm x x e xwe (T1 - T)
(2,+._) _e -- _xxVTANKx'Z44

(24.2) Tx = .918 x TL + .082 x TH

_x%(Pm_-P)_144
(2_.3) _A = - zxR_x '

n

_ - _.1 (pVCv)i(28) TQ2- Tx_ cvx__QI

_A Cvx+ _ (pVCv)ii=l

LOON.Un 3-79

1967020835-102



P

k

LR 18903

FIGURE 3-8 LIST OF EQUATIONS (Continued) _i('.)
Subroutine CONTRL

(31) _° Pc = f(_) (C_VE)%2

mCl Pc2 _G1 x 144b =

• mc2 P C1 _G2

(32) mcc = me2-mcl

(34) _. _ =_,e

(35) "" %2--=Lo-Z_c- z_e +z_e

b. TL2 = _2

(36) sameas(3_) 0
(37) Same as (35)

mLA-mLu
(38) a. av =

PL

b. VG2 = VGI - _V

(39) TO2 - Tol + a_

(44) ,_% -- TG1 VG2 -

(5o) T-L2--_-L_ �_c i iiiii

n

Z (pVCv)t
i=l

O
I.OCKI'IIIO 3"80
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,_ FICURE 3-8 LIST OF EQUATIONS (Contln,,ed)

Subroutine CONTRL

mccA
(54) TL2 -- TLI+

z (pWv)i
i=l

: ,]
_, _s__s_[__VCv,_j

J

I.

I.oaxMgmo 3-83.
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TANK FLUID STRATIFICATION

Subroutine STRAT evaluates fluid stratification due to convection

processes. Energy transport by means of convective heat transfer, within a

fluid phase, is assumed to exist whenever the system Rayleigh number (NRa)

exceeds a prescribed limit. This limit is an input parameter and can be

var_ed by the user. In a two-phase system the existence of a vapor region

non-zero-g (absence of a vapor bubble) configuration it first confirmed by

evaluating the liquid region Bond number (NBo). This program assumes that

energy transfer from the tank wall to the fluid occurs by conduction only

when the fluid is in _ zero-g configuration. Recent studies r_ported in

Section II, show that the error associated with the assumption of conduction

only, in a how-gravity environment, i.e., NBo < 1.O, can be significant.

During long term very low g, steady acceleration periods, such as that ex-

perienced during the slow rotation of a tank, gravity effects will cause heat

transfer from the tank walls to the fluid to increase. This effect can be

accounted for by the use of a greater fluid thermal conductivity, or, as is

done _n this program, by the addition of a convective component paralleling (-_
the conductive resistance.

Figure 3-9 is a schematic of a typical tank experiencing in-flight

heating under non-zero-g conditions. In the computer model, energy input to

the fluid during _ computing interval is transfered from the tank wall to the

boundary-layer fluid. The heated boundary-layer fluid is transported to the

fluid surface by convection due to the temperature-induced density gradient in

the boundary layer. Initially the energy from the boundary layer is to be

distributed across the upper fluid layer, and the surface temperature is set

equal to the maximum liquid temperature in the boundary layer. Energy is then

transferred down through adjacent layers by fluid displacement, completing the

cycle. A thermal balance is taken at the end of each computing interval to

account for conductive heat transfer during the computing interval.

The system Bond number, relating accelerational forces to capillary

forces, will be used to determine the fluid configuration; and the system

Rayleigh number will determine:

C
-ocK.=-,o 3-82
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--- STRATIFIEDLAYER _ WEIGHT FLOW RATE

BOUNDARIES QR RADIATION HEATFLUX /
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D Figure 3-9. Fluid Stratification Analytical Model :
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k
• Whether convection heat transfer is laminar or turbulent

• The average wall boundary layer thickness

• The fluid film heat transfer coefficient

• Whether bottom heating is great enough to destroy fluid
stratification

Figure 3-10 is a block diagram of the subroutine STRAT. A list of

associated equations follows. Computationally, the subroutine proceeds as

follows:

a) The magnitude of the gravity vector is checked to see whether zero

gravity prevails. If it does, this subroutine is not used. The

relative gas and liquid volumes are determined to see whether a

significant amount of liquid exists and is to be considered.

_,. The main sidewall stratification parameters (NBo,_ _NRa)are com-

puted for the liquid (steps (3) and (_)).

c) The Bond number (NBo) is checked to determine the magnitude o_ the

liquid surface forces (step (5)). If NBo_l , then it is assumed

that the gas forms a spherical bubble and no stratification will (_

be considered.

d) The Rayleigh number (NRa) is computed (step (6)) based upon heating

through the bottom of the vessel• If NRa_105 , the program con-

siders that there is sufficient turbulence created by the bottom

wall heating to destroy any existing stratification, and therefore,

the fluid is fully mixed. This criterion is based on the estimated

lower limit of validity of the laminar free connection heat transfer

coefficient for horizontal circular disks (Ref. 5).

e) A check is made to see if this is the first time through the

routine since stratification has been destroyed.

f) If this is the first time through, an iteration procedure is re-

quired to set up the limits of the thermal boundary layer.

O
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g) At all other times the existing boundary layer is used for the

computations of the fluid properties adjacent to the vessel walls.

h) Quantities such as pressure _ifferentials, Reynolds number (NRe),

mass flow rate are computed (steps (28-32)).

i ) The Rayleigh number, based upon the side wall of the tank (the pro-

jected fluid height), is then checked to see whether the boundary

layer flow is laminar or tur0ulent (step (33)). New values of

flow rate and film coefficients are +hen computed for the correct

flow re6_-i_(steps (36)-(49)).

J ) Heat transfer to the boundary layer is then computed (step (50)),

based upon the new film coefficient and the temperature difference

between the wall and the attached fluid nodes. The new maximum

temperature of the boundary layer is calculated using the heat

transferred, boundary layer flow rate and thermal capacity.

k ) For stratification computations, the tank has been divided into a

number of equal volume sections by taking slices through the tank

perpendicular to the gravity vector. Each fluid node must now be

associated with a particular layer. The following steps (56-66)

account for the distribution of the energy from the boundary layer

to the bulk fluid.

1 ) The average temperature of the lowest liquid layer containing any

nodes is used as the minimum temperature of the boundary layer.

The uppermost layer containing any liquid nodes is found and its
average temperature determined.

m ) The energy from the boundary layer Is then added to the energy of

the layer or layers between the liquid surface and the highest

layer containing liquid nodes. The temperature change of thls

volume is computed.

LOOKHIIIIO 3.,_ 5 i
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n) Energy transfer from layer to layer is accomplished in a similar _._J

m_nner. The temperature change for each layer is then computed

from the energy transferred into that layer. _is is continued

until the tank bottom is reached, completing the cycle.

0

0
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i

FROM CONTROL

 i  ' 011111
I NR,,(SIDE) j

I COMPUTEI I

_/_
_,o, 0._... %,_#_,.°

AND 5 _ =

TLIQ

ES t

MULTIPLY I 1

PERIPHERAL
LIQUID RESIS-

TORS BY 1020
i

Figure 3-10. Subroutine STRAT (Stratification) (I of %)
!

1967020835-110



LR 18903

Figure 3-10. Subroutine STRAT (Stratification) (2 of 4) O
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® ®

USE SUB ROU° USE SUBROUTINE
TINE GEOMVG GEOMGC TOTO LOCATE
LAYERCON- <_[= 0.0 OR LOCATE LAYER
TAIN'NG CONTAINING
SURFACE SURFACE

(_ THIS Q -"
FIRST TIME TBMAX = T TOP LAYER +

[ ._.,BMAX= THROUGH ROUTINET TOP SINCE STRATI- qBL " A e/(VBL._. "_)FICATION

WAS DES- I

q

®1 ISET TL MAX =

TS= TSLMAX

_1 COMPUTET OF

JUPPERMOSTLAYER I
CONTAINING NODES

ADD 6TL 1TO ALL

NODES IN LAYER1 i

COMPUTE _I
OF EACH SUB-
SEQUENT LAYER

®

m

F:_ure 3-10. Subroutine STRAT (Stratification) (3 of 4)
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i i i

it Figure 3-10. Subroutine STRAT (Stratification) (4 of 4) O

! Loox.,,,o 3-_

r
t

1967020835-113



LR 189O3

-" FIGURE 3-10 IIST OF EQUATIONS

Subroutine STRAT

(%0= X = fluid depth, ;

(3) _Ra I%,,%r= x NGr

(4) (A)L = NBo--(-_g )

(6) NRa same as (3) where X = 0.9 x Tank diam.

(28) apm -g-- L=P go

(30) a) _ = =_(2.I_ - _) cylinder wlth 0 = 0

- -(b) A = Ai y 1 - X all other eases

") (31) W = _ • GOLD (GoLD from previous time step) :

(32) NRe = D G#_ D = characteristic length '_

(34) fr -- 5.488/(NRe) "5

(35) _r -- 1.B_l(_og_)2._

(36) Apz =tr_ _e _

(37) PBWAX " zC_n_L)

_._--u. 3-91
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_ .)

FIGURE 3-10 LIST OF EQUATIONS (Continued)

Subroutine STRAT

(_7) A "am '_(30)

(_m) _m_,_= (_)_,v

[1 (sn.)z/3] -z/,

_ _ki (_ T)i d - no. of _ no_s _.nllq. re_.(_o) _m, _= :L

(_z) _w_ " _.oz_"- (re'c4

_li 2 JI

3-_e
lI.Ot_lK MIIIll
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.+_) FIGURE 3-i0 LIST OF EQUATIONS (Continued)

Subroutine S+TRAT

= - . - CPLJ
(62) ATLI (W 0 )BL [TBMAx CPBL TLI

(_ Av'L cP)

(65) ATLI same as (62)

d

(67) Q = _ (mCp)(_1 - _2)I d = no. of wall nodes in reEioni i

(_) _ ,_ _ (_2)or (_6)

(70) VBL = _ _(_ -D

(71) VBL = Ai_(l - _/RT) !
+

(72) _ =vmlx

(73) _o_BL= _Bo_.+Q/vB+._ ___ _+

(7_) PBmx = _(TBO_BL)

(75) P_n+ = _%OPBL) i

(76) APB = _o L

i
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TANK WALL - LIQUID RADIATION EXCHANGE

This subroutine (RADIAT) computes the net heat exchange by radiation

b_tween the inner surface of the tank walls and the liquid surface through the

gas _pace. The gas is assumed not to ab'orb any of the radiant energy trans-

mitted through it. The subroutine is bypassed under zero-gravity conditions

because of the assumption that under zero-gravity, the tank walls are always

covered with a llqald l_yer and therefore no bare metal surface is exposed.

A constant view factor (input _s 1.O) is assumed between the liquid surface

and the exposed tank wsSl nodes. The temperatures used for the radiation

equation are the average (T4) of all the exposed wall nodes and of the liquid

surface nodes. The heat transfer mechanism is between surfaces rather than

through a radiation network. The net heat interchange is added to or removed

frum each of the liquid surface nodes, and the resultant temperature change is

then balanced with the entire network in the Thermal Analyzer.

A block diagram fo= this subroutine is presented in Figure 3-11. w

Programmed equations follow. {-_J

NETWORK _ PROPERTIES UPDATING

The function of the subroutines RESET, RECALC and SURF covered in this

section is to adjust or override system node temperatures to account for

ene::_ changes due to system mass transfer, adjust resistor and capacitor

values to reflect changes in temperature, pressure and fluid phase, when

applicable.

SUBRObTINE PESET

Subroutine RESET is used to cempute the average temperat_ e of the

gas and liquid phase nodes and all the fluid nodes, the maximum liquid node

temperature, as well as the total thermal capacities of each phase and of

all the nodes. The subroutine also adjusts the Thermal Analyzer network

node temperatures to acccmod_te the effect of system mass and energy changes

resulting fr_ changes in gravity vector, add4tion or depletion of liquid,

addition of pressu_.ant and gas space expmnsl_.

0
3-94
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_S COMPUTE SUM
OF EXTERNALGRAVITY

= 0.0 OR r HEAT TO
SURFACE

OVERALL VIEW ' SUM =

FACTOR = "_"_NODE" TWALL)" AO/RES.

1
(RETURN)

NO. OF
EXPOSED WALL

NODES OR NO.
OF SURFACE

NODES

COMPUTE
ST = (?)'_ OF ALL
EXPOSEDWALL
NODES

COMP_UTjE
SS = (1")" OF ALL
SURFACENODES

1
e :: I

I I+ -I
CMETAL _IJQUID

Q = F. (I.AsURFAC E • (ST-SS) ._)
i

36UU

iml i ii

R t i

AT = Q _ J ALL SURF. TEMPS

,, Z ('VCp)INTERFACE --J =T+ AT

Figure 3-11. Subroutine RADIAT (Radiation)
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The subroutine is a combination of five small but separate routines

which were consolidated into one to save storage space. Whenever RESET is

called by CONTRL, it is called with two arguments, the second one of which

is a flag to denote which of the five routines is to be used.

RESET (T_i) sets all liquid node temperatures equal to temperature T.

T is normally the average liquid temperature

R_SET (T,2) sets all gas node temperatures equal to temperature T. T

is normally the average gas temperature

RESET (T,3) sets temperatures of all nodes inside the tank equal to

temperature T. T is normally the average temperature

at all nodes.

RESET (T,4) computes the following quantities:

TLIQ

TGAS

TLMAX _-

(J
(pVCp)LIQ

(pVCp)GAS

(pvc)ALL
p

RESET (T,5) adds the temperature T to all gas node temperatures.

T is nornmlly a _ T GAS i!i

Figure 3-12 contains a block diagram of the subroutine and de-

scribes the function of the various paths available.
I

Subroutine RECALC [_'

Subroutine RECALC is called wherevm it is determined that one of -I

the following has occurred: I/r

1. Change in the gravity (net acceleration) vector

2. Change in the angle between the major axis of the tank and
the gravity vector

3. Change in liquid volume O _;'

LOCK.,,O 3-96
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<)
(.EToRN)SCG = 0.0

SCALL = 0.0

T G = 0.0 TNODE = TNODE + T J
iTL = 0.0 TG + T I
TLMAX = 0.

'ES

I TEST INSIDE NODE IN RETURN
TAIV:K NODES

ONLY

5
NO IS ITE

NODE IN
=1 4

'ES = T YES

TI = T )DE IN
= T;=T

/ = T TLMAX = T
=T

+ = SCG +

z(evcp)GRETURN +

i = TG +

TLMAx )E)* (QVCI_IODE

NO (TLMAX' TNODE)

) r,RETURN
- TG
= TL/SCL
= SCG + SCL

RETURN

i,,, mm ,,

Fi_re 3-12. Subroutine RESET (i of 2)
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ITE -- 1 SETSALL LIQUID NODE TEMPERATURESTO THE TEMPERATURET (BELOW)

NORMALLY T = TL

= 2 SETSALL GAS NODE TEMPERATURESTO THETEMPERATURET (BELOW)

NO,_ALLY T =

= 3 SETSALL NODES INSIDE THE TANK TO THE TEMPERATURET (BELOW)

NORMALLY T = TALL

: 4 COMPUTESTL, TG, TALL, TLMAX, _(PVCp) L, _ (PVCp)G,

Z_(PVCp)ALL

= 5 ADDS THETEMPERATURET (BELOW)TO ALL GAS NODE TEMPERATURES
NORMALLY T :_ T

T = TEMPERATURE(°F) TO BEUSEDIN RESETAS DESCRIBEDABOVE _.

= TL
DEFINE

TLMAX : TLMAX

TG : TG
1

(PVCp)L : SCL

,_ (PVCp)G = SCG

Z;(pVCp)AL L = SCALL

ill

Figure 3-L_ Subroutine RF_$ET (2 of 2) O
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_I 4. Significant change in the average gas temperature has taken place
since the last time the gas properties were evaluated

5. Significant change in the average liquid temperature has taken
place since the last time the liquid properties were evaluated

6. Significant change in the total internal pressure has taken place
since the last time the gas properties were evaluated

The subroutine is modeled after subroutine INSIDE which calculates the

length, area and volume quantities used by RECALC to compute resistor (R) _nd

capacitcr (C) values•

Fiesistorsare computed in the following manner:

1 R between 2 liquid nodes

R = 3600• x L

2. R Jetween 2 gas nodes

R = 3600. x L
A x (XGc+KGN)

3. R between a liquid and a gas node same as 2.

4. R between a gas node and a wall node same as 2.

) 5 R between a liquid node and a wall node same as i.

6. R between 2 wall nodes
L x 3600R=
A x KWALL

7. R between a wall node and an insulation node
L x 3600R=
A x KINS

8. R between 2 insulation nodes same as 6.

Capacitors are computed in the follo,_ingmanner:

i. Gas Capacitor i

C =V ICpc pc xMcTNODE x Pn x _4nIxZc R + Cpn Zn R

2. Liquid Cepacitor

C=V xC
L pL

I

i

LO@KHIIO 3-99 i
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3. Metal Capacitor

C = Vp _zallx CPwall

_. 2-Insulation capacitor

V [_0Cp)lL1 (pCp)2L_l
C _ L1+ L2 +

L = length computed by INSIDE

A = area computed by INSIDE

V = volume computed by INSIDE

Subroutine SURF

Subroutine SURF compe,_:'eseach of the nodes inside the tank with its

neighboring nodes"to determine which, if any_ of the nodes are to be

considered surface nodes. A node is first compared with its neighbor in the

radial direction, then its neighbor in the circular direction, and at last

with its neighbor in the axial direction. 2 it is found that the node is a

Cliquid node an_ its neighbor a gas node, or that a node is a gas node and its _ )
neighbor a liquid node, the liquid one of the two nc<lesis considered a

surface node. SUBROUTINE SURF saves the node number of each surface node,

and also computes the following three qua_tities:

TLSMAX - temperature of hottest surface node

TSGAS - temperature of the gas node attached to the hottest surface
node

SCINT - s_nnof the capacitors _(pVCp) of the surface nodes

Figure 3-13 presents program details of this subroutine.

PRESSURANT SUPPLY TANK

The pressurant tanks are treated as two node systems with i node the

tank and the other node the contained pressurant. The pressuraut is assumed

to be stored as a single phase fluid. Pressurant removal is determined by

requirements in the main tank system. In pro_ulslon systems, when only one of

the propellants is currently being analyzed, the total flow is proportioned

0
3-ioo
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SURROUTiNESURF.

O (1) TL SMAX = MAXIMUM LIQUID SURFACE

TLSMAX = 0.0 NODE TEMPERATURE

TSG 0.0 TSG = ATTACHEDGAS NOOE

SCINT 0.0 TEMPERATURE

SCINT = SUM OF CAPACITORSOrQ INTERFACENODES

iMCNT = 0 (2) MCNT = NUMBEROF SURFACELIQUIDNODES

(3) NEIGH_E-,!,,.JG NODE MAY BEEITHERIN

TESTINSIDE RADIAL
CIRCULAR

TANK NODES AXIAL DIRECTION
ONLY DENOTENEIGHBORING NODE AS N NODE

) ,s

NO
i

IN NODE IS
LIQUID AND A SURFACE MAX N(

INODE NODE =TNODE i

CNT = MCNT + 1
INT =

+ CSURF.NODE

RETURN

Figure 3-13. Subroutine SURF
I
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correctly to either the fuel or oxidizer subsystems. When there is a multi-

tank pressurant storage, if a similar thermal environment exists, and the

tanks are connected in parallel, only one pressurant tank need be analyzed.

During flow periods the compute intervals are programmed to be short

in comparison with the firing times, and the network will be balanced at the

end of each time step, allowing for heat redistribution between the tank wall

and the gas. The process in the tank approaches au adiabatic one and is so

assumed during each compute interval. This part of the analysis is done in

subroutine CONTRL.

During the major portion of a mission in which there is no flow, the

thermodyns_ic process is a constant volume heat addition with heat transfer

from the wall to the fluid by gaseous conduction. These computations are

performed in the FUNCTION block of the Thermal Analyzer. Simulation of a

pressuraut-propellant heat exchanger is done by the use of an energy balance

across the exchanger.

co m OL 9
General operational subroutines used on controlling the performance

of the program are described in this section. These subroutines, FUNCT,

SREAD, TIMEX, CSDP sad PRINT, provide instructions for the handling of the

external thermal environment, the automatic determination of computation and

print intervals, the reading of input data into the Thermal Analyzer, program

segmentation and the program print out.

Subroutine FUNCT

Subroutine FUNCT is called from the heat balance =ud is used for the

followin_ four purposes:

i. To Call the subroutine TARKA, which references the curves listed
in Table 4-4 to the pressurization program.

2. To overload the two _uantities M(4) and M(7), if desired.

M(4) contains the print interval,which is input initial_ and may
be left constant throughout the whole run. If, however, it is
desired to vary the print interval_ it may be overloade_ at any
time.

0
3- lOe
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In any ruu, there are likely to be some time intervals which are
of more interest than others. A case in point would be a short
firing period surrounded by long periods cf non-firing. M(4)
should be smaller during the firing time than during the non-
firing time.

It should be remembered that the timestep taken by the Thermal
Analyzer is normally ec_Aalto .25 times the _urrent minimum R-C
product, or the current time interval, whichever is smaller. For
greater speed, and thersfore, a significant computer tlme savings,
it is possible to overload the .25 factor, located in M(7), by
any number smaller than 1.O. .95 has been used successfully.

3. To update the following quantities associated with the pressurant
bottle (if any), during non-flow conditions only:

a. Capacitor of ;ressurant gas

b. Capacitor of pressurant bottle wall

c. Resistor between the above

d. Pressure inside the pressurant bottle

_) 4. To describe an external network, if any, which may surround the
tank under analysis and its pressurant bottle (if any).

Subroutine PRINT

This subroutine is used only to print out the following quantities at

every print interval, after a heat balance has been performed.

i. Individual node temperatures

2. Resistors between individual nodes

3. Capacitors of individual nodes (with signs-positive denotes
liquid, wall, or insulation node, negative denotes gas node). _

4. R-C products of individual nodes. _ _'•

Printout of conditions particularly concerned with the press_,ization

program (pressures, average temperatures, etc.) is done in subroutine _.

LooK_eeo 3-103
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Subroutine SP_D

Subroutine SREAD reads in that data whlch is particularly concerned

with the pressurization program, such as those quantities used in generating

the network; option quantities, tank geometry and initial conditions.

Subroutin_ TIM_.

This subroutine senses and records the current time of day. By

c_lling TIMEX at various places in a progrmm, it is possible to _ime any part

of it. Since the pressurization program consumes large amounts of machine

time, we may want to run a mission in several segments, which necessitates

the saving of information at the end of any one of them. If, however, an

e_ti_r_teof machine time is given for a segment which is exceeded before the

final segment time is reached, the computer would automatically cut off a

run and no saving of information would take place. Use of subroutine

TIMEX enables the program to save all restart information and exit before

the computer has a chance to cut off a run.

Subroutine CPDP (}

_abroutine CHOP calls off and/or saves restart information from the

special restart tape. After saving the restart information, it terminates

the machine run.

O
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IV - PROGRA_iOPERATION

This program is a FORTRAN IV program developed for use with the

IN 7094 or 7094/7040 direct-coupled digital computer systems, This section

presents details of the program operational char_c_,_,risticsincluding an

overall Layout of the program in,core, the sequenue of program opezations,

program _nput requirements and program output.

oFOe A IOl

Figure 4-1 presents an overall block diagram showing the operations

performed in the program during problem solution. Sequentially, starting

with input data relative to tankage configuration and dimensions, the Network

Generat¢__ is called to generate the E-C network to be used in the Thermal

Analyzer heat balance. _..eNetwork Generator is also called to search

materials library tapes for p_-operty information in acccrdance with input)
system requirement_. The network and materials irformatlon are then read into

the Thermal Analyzer for subsequent operations.

Following network assembly, the program calls the function subroutines

making up the Network Element Update section. Thi_ sectZon determines the

gas-liquld interface configAration and location as a function of the liquid

volume and the net acc,_lerationforce vector. The identification of gas and

liquid network elements is also made at this time.

The program then determines system mass and energy balances as a

function of gas and liquid phase heating, system venting, system pressuriz-

ation, or )lquid addition or withdrawal, A detailed discussion of the

assumptions and equations us_-dto account for energy changes during the

mission is presented in Section III.

Under extended operation in a gravity co.dition t the program would

then adjust the liquid region temperatures for stratification due to convec-

tive fluid transport and/or surface heating through the vapor space. Details

of the stratification mod_l are also presented in Section III.

)
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THERMALANALYZER

START J NETWORKELEMENT
UPDATE

NETWORK OVERLAY

GENERATOR CONTROl. ='=' "==""==' ='="

'J n 'SUBROUTINES,GEOMG,J

SUU,OUTINEcoMPIL "' J S GEOMNG,coMPUTESGEOMVGvAPOR/-j
READS INPUT LIQUID INTERFACE J

Assr_,._ o .El I.OCAT,ON/NETWORK HEAT IpA,LANCEJ
D_TA i

UPDATE SUBROUTINE
COMMON CONTRL

ILJNN__D_ DETERMINES

MASS-ENQGY
BALANCE

S NE I
SUBROUTINE

GENERATES RESET
TANK

NETWORK AVERAGE

TEMPEIL_TUltES

CALCULATES
EXTERNAL SURFACE

===. NETWORK CONDITIONS
DETERMINES

FRINT el= J
TIMES SUBROUTINE

RECALC
III

ADJUSTSNETWORK
FOR RRESSUREOR

TEMPERATURECHANGE

., I !

SUlROUTINE I

RADIAT

COMPUTES
EFFECTOF RADIATION
ON SURFACENODES

Nil

t SUBROUTIN! STRAT

COMFUTESEFFECTSOF
STRATIFICATIONON
UQUID NODES

Figure 4-1. Flow Diagram of Program Functions O

4-2
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For zero gravity with relatively short periods of gravity operation,

the effects of stratification due to fluid transport and surface heating are

neglected since convective forces are assumed to be nonexistent and the

walls are always covered with liquid under zero gravity.

The program then proceeds to update variable network elements, heat

transfer coefficients, and thermodynamic factors for changes in pressure and

temperature, and returns to the Thermal Analyzer where additional operations

relative to the tank external thermal network are accomplished.

After completion of updating, input parameters for the succeeding

computation are called, and a new heat balance is performed in the Thermal

Analyzer.

For subsequent computation intervals, the program recalls the

function subroutines and repeats the above processes to mission completion.

Because of the complexity and size of the problem, the use of overlays

is required to enable processing of the overall program. The program to be

executed is divided into one or more links. A link consists of one or more

subroutines used by a program. The main one of these links remains in core

storage throughout the execution of a job along with overlay control infor-

mation and all tables and data storage required for problem execution. The

other, dependent links, are loaded on an external file (either disc or mag-

netic tape storage) where each link remains until it is needed in the prob-

lem. It, therefore, occupies core storage only when necessary and can share

the storage with other dependent links.

Overlaying is a time-consuming process, and great care has been taken

to keep those routines which are used at every step of the time history in

core at all times. 0nly those routines which are used occasionally are ever

overlayed.

Table 4-1 presents in tabular form the overlay links which make up

the program, showing the method and origin of the overlay links of the Thermal

Analyzer Fluid Storage and Pressurization Program. Deck names are included

in the boxes which constitute the various links. Link origins are shown to

1.athe left of the line forming the top of t...box.

0
?
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Experience with the progrs_ has shovn_ that the machine ti_le required

to r1_ this progrma can be considerable. Therefore, it is desirable to have

an option which enables the user to cut a long mission into a numbci" of

segments. Trims is accompl_shed oy inputing three numbers into the "PRESSUR-

IZATION INFU_" block as follows:

i. IRSTRT option must be _ O

2. M_IME (minutes of machine time alloted for this segment)

3. KUT (mission tinle at which computer run should be cut,
seconds)

NOTE: The computer run el' the current segment will be terminated either when

MTIME is about to be exceeded, or when KUT has been reached, whichever occurs

first.

When segmentation is to be called, the following variations are con-

sidered for problem continuity:

i. If the current segment is the first segment of a mission, all

parameters must be saved which must be available at the begin-

ning of the next segment.

2. If the current segment is an intermediate segment of the mission,

the computer must pick up the problem whel'e the i_ediately pre-

ceding segment left off. At the end of the segment, all para-

meters required for the following segment are again saved.

3. When the current segment is the last segment of a mission o_ly

the regular output quantities are retained.

Segmentation of a problem is accomplished by a subroutine (CHOP).

This subroutine may be called once, twice_ or not at all du_'ing a machine

run (depending upon the value of IRSTRT) and either restarts a segment from

where the last segment lei't off, and/or saves the final conditions within a

segment to be picked up by the next segment. The operations are accomplished

on a magnetic tape which must be removed at the end of a run and remounted at

the beginning of the next one. Nothinz must change in the input data except

the four quantities: IRSTRT, _IME_ KUT and the starting time in the time

block.

)
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A s,_broutine TIMEX, is used to sense the current "time of day" at the

beginning of execution of a segment, and at every pass through CONTRL there-

after. If it is determined that the estimated machine time has been under-

estimated and is soon to be exceeded, the run is automatically terminated by

the program, _ud final conditions are saved by subroutine CHOP.

It sho1_id be noted that there is a difference in the time limiting

features depending upon whether the IBM 7094 or 7094/7040 direct-coupled

machine is used. Ou the direct-coupled machine, the run can be terminated by

either M_I_ or EDT, whichever is the first executed, but on the other it can

only be cut by KUT.

PROGRAM INPUT

The Thermal Analyzer Program requires that the physical problem be

described as an equivalent network using resistance, capacity, and temperature

to define the heat transfer problem.

The transformation of the physical problem into the equivalent thermal

network is accomplished by dividing the actual system into discrete volume --

elements called "lumps." Each lump is connected to any other lump in the

system by a network of resistors describing the thermal resistance of the

system. The capacity of each lump is the thermal capacity of that portion of

the physical problem which the lump represents.

The Fluid Storage and Pressurization Program has two unique, built-in

features which greatly simplify the problem of program input. These are the

capability of the program to generate its own lumped parameter, resistance-

capacitance network, and the availability of materials data in the properties

library tapes. This capability is, howevez, restricted to two geometrical

configurations, a spherical tank or a cylindrical tank with hemispherical

ends. The program method for division of the physical problem into lumps has

been described in detail in Section III under "Network Generator."

Abnormal system network parameters, such as insulation shorts, piping,

internal baffling and heat sources, and tank external network parameters des-

cribing the thermodynamic effects between the tank and external heat sources

are input by the user into the Thermal Analyzer function block in the normal

manne r. O
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Problem size is presently limited to a total of 300 nodes and 700 resistors of

which a maximum of 250 nodes and 500 resistors may be used for the internal

network comprising the tank internals3 the tank wall_ insulation and thermal

shield when applicable. Also not more than 250 curves 3 including materials

properties snd external network may be input.

For program operation_ four categories of input are required:

i. General information descriptive of the system for network-

generation purposes

2. Information relative to the particular mission under study_ such

as firing schedules_ gravity and thermal environment histories and

pressurlzation requirements.

3. Information oll the tankage system external thermal environmentj and

print and computation intervals (Subroutine FUNCT)

4. Miscellaneous instructions used in controlling the performance of

the program, such as reading in specific data (Subroutine SRF_),

restart information, saving data at the termination of a run

(Subroutines TIMEX and CHOP)

The following is a discussion of present program details covering the

program input formats, a description of each of the input items required, and

the standard pressurization problem input format with an explanation of the

various blocks of data required.

The standard Thermal Analyzer input consists of five blocks of data

containing3 in order3

1. The initial temperatures of the external nodes

2. The values and node connection of the resistors

3. The value of each external capacitor

4. A set of tables or data blocks

5. A time block

I.OCKHERO 4-7
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Block 1 - Temperatures ..

COLUF_

3 5 I0 20 25 35

DEC02 N1 T1. N2 T2° SEQUENCE

ire first field (columns 1-3) contains a mnemonic code indicating the

type of information on the card (see Table 4-2 for code description). The

second field (columns 4 and 5) contains an integer equal to the number of items

on the card. in this example3 two temperatures, N1 and N2, are on the card;

therefore columns 4 and 5 contain 02. The fields from column six on are in

pairs; an integer field of five columns (6-10, 21-25, 36-40, 51-55) and a

floating point field of ten columns (ll to 20, 26 to 35, 41 to 50, 56 to 65).

The maximum number of items on a temperature card is four (four temperature

numbers and four temperature values).

Block 2 - Resistors

COLUMN 0

3 5 _ 15 20 30 35 40 45 55 i

DEC02 NRI Ii Jl R1. NR2 I2 J2 R2. i

i

The mnemonic code (DEC) and the number of items (02) have the same

meaning as in block I. The fields from column six on are in sets of four_

three integer fields of five columns each and one floating point field of

ten columns. NR is the number assigned to a resistor; I and J are the numbers

of the temperatures connected to that resistor. The maximum number of items

on a resistor card is two, as shown in the example.

Block 3 - Capacitors

COLUMN

i 3 5 IO 20 25 35 40 50

DEC03 NCl CI. NC2 C2. NC3 C3.

O
LOCX.I-,O _-8
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TABLE 4-2

DATA C_dIDMNEMONIC CODES

DEC Used to input decimal numbers3 e.g.3 resistor numbers_
connections3 and values.

INC Used to repeat the p-_evious item with constant c_t_nges
as specified.

PER Used in the data blocks only to indicate periodic
extension of a curve in both directions.

RES Used in the resistor block only to specify geometric
resistor input.

CAP Used in the capacitor block only to specify
geometric capacitor input.

CID Used to identify the input and output.

NET Used in the temperature block only to indicate
pressurization prcgram input following.

TAP Used in the data _lock only to initiate a material
properties library tape search for the specified
curve.

COD Used in the data block only to indicate type of
derived data used in a data block.

NBK Used to indicate the end of an input block or
restart.

"OOXHUO z_'9
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The mnemonic code (DEC) and the number of items (03) have the same _j

meaning here as in the first two blocks. The fields from column six on are in

pairs, one five-column integer field and one ten-column floating point field.

There may be four such pairs on a card. The integer, NC1, NC2, NC3, are

capacitor numbers; the floating point numbers, C1., C2., and C3., are the
corresponding capacitor values.

Block 4 - Data Blochs (Curves)

COLUMN

.====_ 5 15 25 35 45

DEC04

The Mnemonic code (DEC) has the same meaning as in the previous blocks.

The number of items (04) in this case means the n_nber of numbers on the card,

maximum of six. The fields from coltullnsix on are six floating point fields of

ten colwnns each.

Block Number (Table or Curve No.) O

COLUMN

5 D

DEC ^ ^ K

The first card of each data block or curve must be a designation

number, K, as shown above. The mnemonic code (DEC) has the same meaning as in

previous blocks. The nt_nberGf items (^ ^) must be blank or zero. _Mlefive-

column integer field (colt_nns6 to i0) exists, and contains an arbitrary

integer assigned uniquely to the following block of data. K must be greater

than zero and less than 4096.

End of Block

CO_

5 K)

DEC -K

0
li.OCKHm, ID _-lO
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The last card of a data block, curve, or table must be the same as the

first, described just above# except that the value of the arbitrary integer,

K, must be negative.

Block 5 - Time Block

COLUMN

5 L5 25 35

DEC03 PI. @f. @i.

The time block contains three special numbers. The mnemonic code (DEC)

and the number of items (03) have the same meaning as in the curve block. From

column slx on, there are three floating point fields of ten columns each. The

first contains the printing interval, 2I. The second contains the final pro-

blem time, ef. The third contains the initial or start Tng problem time, @i"
Thls is automatically zero if left blank. These numbers can be entered as one

item on each of three cards if desired, but must appear in the order listed.

_ Special Duty Cards

COLUMN

NBK

Each of the five blocks of data - temperatures, resi. ors, capaclt_ .

dat_ blocks, and miscellaneous - must end with a card conta_ _;g .he ,_emonlc

code NBK in columns i to 3. This is a flag to indicate the end of the block.

3
INC

ThE:increment card, mnemonic code INC in columns 1 to 3, may be used

to increment information on the previous card. In the temperature, resis_or_

and capacitor blocks, only the last item on a card may be incremented. The

field specification from column six on depends on and is identical to the

field specification for one item of that block, followed by one five-column

integer field containing the uumber of times to increment, shown in the

t
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Example : ,_

COLLMN
5 D 20 25 35

DEC02 NI Ti. N2 T2.

INC i i0. 5

This exzwrle shows a temperature card followed by an increment card.

The second item on this card (N2, T2.) will be incremented to produce N2+i,

T2+IO., N2+2, T2+20., N2+5, T2+50. The same effect can i'eobtained with

the following list.

COLt_4N

5 D 20 25 35

DEC02 N 1 T1. N2 T2.

DEC02 N2+l T2+IO. N2+2 T2+20.

DECO2 N2+3 T2+30. N2+4 TP*40.

DSCOIN2+5  2+5o. t

In the data block, the entire previous card may be incremented, except

that designation numbers may not be incremented. In the time block no incre-

menting may occur.

COLUMN

r] 5

NET

A single card with the mnemonic NET in columns 1 to _ must appear

immediately before the pressurization data input, described below. The NET

card signals the program that pressurization input data follows and a sub-

routine is called which reads and stores that data and generates the network

for the tanks described. This data must appear somewhere in the temperature

block (usually at the beginning of the block) since the information generated

will be used as input to the resistor and capacitor blocks.

O
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A library tape of material property curves exists. In lieu of input-

ing a material property curve, the TAP card may be used to signal the program

to search the library tape and read the curve identified as XXXXXX from that

tape. The TAP card must appear between data block designation number cards,

and the curve XXXXXX must be available on th_ library tape.

Taese and certain other specialized card forms are discussed in detail

in Ref. 2.

Table 4-R shows the standard pressurization input forma% and Table 4-4

describes each of the items appearing in the input. Program deck arrangement

and order of input are detailed in Appendix A.

The input, in general, can be placed into five basic groups of

quantities.

-)
i. Control information a_d system specifica_iol_s (card 03)

2. Problem dimensions from system geometry (cards 04 and 05)

3. Initial conditions (internal) (cards 06 and 07)

4. System radiabion psrame_ers (card 03)

5. Pressurant system and fluid stratificotion it_formation
(cards 09 and i0)

In addition to the standard input, specific inputs are required for a

given mission such as the type or types of fluids, tank and insulation materi-

als, type of pressurant, fluid use rate, gravity enviro1_nent and system pres-

sure requirements. Many of these input quantities are bivariate functions,

such as material themodynamic and transport properties, while others exempli-

fied by specific mission variables are functions of time.

1

LOCKHEED 4-13

m

1967020835-140



-_,-.._,ilnlmr ........

-. "REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR "

[JR 18903

0
LOCKHEEO h-lh

1967020835-141



J

LR 18903

> TABLE 4-4

PRESSURIZATION DATA INPUT DESCRIPTION

INPUT
CARD NO. QUANTITY DESCRIPTION

Card O1 CID Case Identification

Card 02 NET Denotes pressurization program input following

Card 03 NTYFE =l If ,_ankis cylindrical with hemispherical
ends

If tank is spherical

NRAD = Number of radial segments into which tank is

to be divided (Must be_ O, and =0 (MOD4))

NCIR = Number of circular segments into which tank
is to be divided (Must be >_l)

NSECT = Number of axial segments into which the
cylindrical portion of the tank is to be

'_ divided (Must be _>i; if NTYPE _ i, NSECT =0)

NTNK = Number of insulation layers around,the tank
(0<NTNK<5)

INNOD = Initial node number of tank3 always =l

IGC =l If case is a one-gas system

--2If case is a two-gas system (Assume one
condensible, one noncondens ible gas)

IPRESS =I If tank is pressurized before firing

--2If_tank is not pressurized before firing and
is only under its own vapor pressure

KOUT Output Control Switch _-

=I For standard output

--2For standard + tracer output

IRSTRT =0 (Or blank) if no segmentation is desired i

LOCKHEED 4-].5
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TABLE 4-4 (Continued) _

II_PUT

CARD NO. QUANTITY DESCRIPTION

Card 03 IRSTRT =l If segmentation is desired and the current

(Cont) segment is to start computations from

conditions at the end of a previous segment

_2 If segmentation is desired and the conditions

at the end of this segment are to be saved for

possible starting values for the next segment

=3 If segmentation is desired and both of the
above are to be done

IPTLIQ =0 (Or blank) if no cards are to be punched to

record TLIQ vs. time (Which may be used as in-

put to anotaer run)
d

=l If said cards are to be punched

LIBTAP =0 (Or blank) if no curves are to come from the

materials library tape ""
I

=l If the materials properties are to be taken

from the materials library tape

MTIME =0 (Or blank) if no segmentation is desired

= Minutes of estimated machine time for the

curr_nt segment (If this time is about to be

exceeded during a computer run_ the program will
save final-time conditions and exit before the

computer can cut off the run i
I

KUT = Mission time at which current segment is to

stop (seconds)

NOTE: All card 03 quantities are in a fixed

point format, i.e., none of the fields contains a

deci_l point, and each number appears in the

rlght-most position of its field

Card 04 TKRAE Radius of tank (ft)

TKL_ Length of the cylindrical portion of the tank

O
4-16
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J) TABLE 4-4 (Continued)

INPUt

CARD NO. QUANTITY DESCRIPTION

Card 04 T_qPZ Original temperature of the system (°F). At

(Cont) time =0. All temperatures at internal tank

nodcs_ tank wall nodes_ and i_muiation nodes
are set to TEMPZ

TKWALI Thickness of tank wall (ft)

TKWAL2 Thickness of wail around the insulation layers

(f_et) (TKWA_=O. If there are no insulation

layers)

Card 05 TKINS (I) Thickness of insuiation layer (I) (ft)

Card 06 PR Pressure within tank at time =0.0 (psi)

VGAS Amount of gas in tank at time =0.0 (Fraction of

total volume )

TSAT Saturation temperature at maximum operating

pressure (°F)

I_v_OLC Molecular weight of condensible gas

FMOLN Molecular weight of noncondensible gas

FMOLX Molecular weight of pressurant gas

TX Temperature of pressurant gas at time =0.0 (°F)

Card 07 FMIN Minimum allowable pressure factor

F_IAX Maximum allowable pressure factor

PMIN Minimum allowable pressure (psi)

PMAX Maximum allowable pressure (psi)

Card 08 RADIF Overall view factor of liquid to tank wall

RADIO Stefan-Boltzmann constant (Btu/hr ft2 °R4)

E1 Em,issivit_ of the liquid

I..OCKHEEO 4-17
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TABLE 4-4 (Continued) ...

IUPUT

SARD NO. QUANTITY DESCRIPTION
iiii

Card 08 E2 Emissivity of the inside tank wall material
(Cont)

Card 09 MHT Weigl_t of pressurant bo¢*\e (!bs)

RHT Ra_i1_s of pressurant bottle (ft)

VHT Volume of pressu_ant bottle (ft3)

TOHT Initial temperature of pressurant gas (OF)

HEY.qW =0 If there is no heat exchanger present

=i If there is a heat exchanger present

POHT Initial pressure inside pressurant bottle (psi

Card i0 WNFHT Pressurant usage factor

EPSIVL Liquid phase existence tolerance for strati-

fication purposes only (fraction of total

volLune)

EPSIGN G-iteration tolerance (fraction of iterated

G-value ) _ i_
-F

FRTURB Friction factor (turbulent), initial guess

FRLAM Friction factor (laminar), initial guess

FNLD NLunber of layers into which tank is to be

divided for stratification purposes only

(125 maximum). If FNLD = 0.0, it is assumed
that the effect of stratification is not to

be considered for this run and none of the

stratification input wLmntities need to be

given.

O
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Table 4-5 p_esents examples (see Table 4-6 for curve description) of

the input format showing the two ways that this above information may be called

by this progr_n,

i. Univariate or Bivariate curve input directly as program input

2. Curve is called from the materials library (reference 4), using the
TAP card

Table 4-6 presents a complete tabulation of the curves required for

program operation.

All of the indicated curves must be defined in the data block, (Block 4)

not necessarily in ascending table number order. Failure to define any one of

the curves requested by the program will recult in the deletion of the entire

run.

ALl those curves marked "I_fL"in the list below may be either requested

from the materials library tape by their assigned code names or may be defined

explicitly in the data block using the standard Thermal Analyzer curve input

format. ALl other curves must be defined explicitly.

Each of the curves in the materials library tape has been assigned a

"ix-character code name which must be used whenever any reference is made to

the curve.

Curves 130, 131, 132 are curves of tolerances put on average gas and

liquid temperatures, and total pressure. They are used to prevent excessive

calling of subroutine RECALC, and thereby reduce machine time.

The curves listed in Table 4-6 must be referred to the pressurization

part of the program. This referencing i_ done in subroutine TANKA. The

argument, K, in the statement CALL TANKA (K) is a table designation number.

In table K the curves needed in the pressurization part of the program are

listed as floating point numbers. TANKA converts these numbers to integers

and stores them in a region available to the pressurization part of the pro-

gram. Each of the curves so listed must appear in some form in the data block

section of ti_ standard Thermal Analyzer output.

LOCKHIIO 4-19 i
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t) 4-6

ORDER OF INPUT CURVES

MATERIALS
LIBRARY
TAPE TABLE INDEP. LINEAR OR
OPTION NO. QUANTITY SYMBOL b_{ITS ;ARIABLE BIVARIATE

I01 Gravity GAVITY N.U. Time LIN

ML 102 Thermal Conductivity FKGC Btu/hr Pre_., BIV
of Condensible Gas ft/°R Temp_

ML 103 Thermal Conductivity FKL Btu/hr Temp. LIN
of Liquid ft/°R

ML 104 Compressibility Factor ZC N.U. Pres., BIV
of Condensible Gas Temp.

ML 105 Vapor Press. of PC psi Temp. L!N
Liquid

ML 106 Compressibility Factor ZN N.U. Press., BIV
of Noncondensible Gas Temp.

107 _ss Rate of Liquid FMLU lb/sec Time LIN
used from Tank

108 Mass Rate of Liquid _MLA ib/sec Time LIN
added to Tank

ML 109 Heat of Vaporization RIAM Btu/lb Temp. LIN

ML ii0 Compressibility Factor ZX N.U. Press., BIV
of Pressurant Gas Temp.

ML lll Heat Capacity of Pres- CPX Btu/lb/ Press., BIV
surant Gas to be added °R Temp.

112 Temperature of Liq. TLA °F Time LIN
added to Tank

ML ll3 Heat Capacity Ratio GAMMAC N.U. Press., BIV
of Condensible Gas Temp.

ML 114 Density of Liquid RHOL ib/ft3 Temp. LIN

ML ll6 Heat Capacity of CPL Btu/lb/ Temp. LIN
Liquid °R

ML 117 Heat Capacity of CPGi Btu/!b/ Press._ BI__

Condens. Gas °R Temp.

1967020835-148
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TABLE 4-6 (Continued) .j

•, F

MATERIAL_
LIBRARY
TAPE TABLE INDEP. LINEAR OR
OPTION NO. QUAK ?ITY SYMBOL UNITS VARIABLE BIVARIATE

ML 118 Thermal Conduct Ivity FKRALI Btu/hr Temp. [IN
of Inner Wall ft/°R

ML ll9 Heat Capacity Inner CPWAL1 Btu/lb/ Temp. LIN
Wall @R i

ML 120 Density of Inner I_IOWLI ib/ft3 Temp. LIN
Wall

ML 124 Thermal Conductivity FKGN Btu/hr Press., BIV -
of Noncondenslble Gas ft/°R Temp.

ML 126 Heat Capacity of CPG2 Btu/ib Press., BIV
Noncondenslble Gas °R Temp.

ML 127 Thermal Conductivity F_WAL2 Btu/ Temp. LIN
of Outer Wall hr ft/

°R

ML 128 Heat Capacity of CPW_A_2 Btu/ib/ Temp. LIN
Outer Wall °R _ }

ML 129 Density of Outer Wall EHOWL2 ib/ft3 Temp. LIN

130 Epsilon Average Gas EPSIGT °F Time LIN
Temperature

131 Epsilon Average EPSILT °F Time I_
Liquid Temperature

132 Epsilon Total EPSIPR psi Time LIN
Pressure

133 Angle of Tank ANGLE Deg. Time LIN

ML 13_ Heat Capacity Ratio GA_ N.U. Press., Biv
of N_ncondensible Gas Temp.

ML 136 Heat Capacity of CPHBWL Btu/ib/ Temp. LIN
Pressurant Bottle Wall °R

ML i_i Thermal Conductivity FKINSI Btu/hr Temp. LIN
of Insulation Layer 1 ft/°R

ML i;_2 Heat Capacity of CPINSI Btu/l_ %_mp. LIN
Insulation Layer i "R

ML i_3 Density of Insulmtion RHOINI ib/ft3 Temp. LIN !
Layer i

0
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_) TABLE 4-6 (Continued)

MATERIALS
LIBRARY
TAPE INDEP. LINF___ROR
OPTION TABLE QUANTITY SYMBOL UNITS VARIABLE BIVARIATE

ML 144 Properties of FKINS2 Btu/hr Temp. LIN
Insulation Layers ft/°R

ML 145 (2-5) Assumed to CPINS2 BtuL Temp. LIN
be input as those ib/_R -
of Insulation Layer 1

ML 1_6 P_HOIN2 lb/ft3 Temp. LIN

ML 147 FKINS3 Btu/hr Temp. LIN
ft/@R

ML 148 CPINS3 BtuL Temp. LIN
lb/_R

ML 149 RHOIN3 lb/ft3 Temp. LIN

ML 150 FKINS_ Btu/hr Temp. LIN
ft/°R

ML 151 CPINS4 BtuL Temp. LIN
lb/_R

ML 152 RHOIN4 lb/ft3 Temp. LIN

ML 153 FKINS5 Btu/hr Temp. LIN
, f_/°R

ML 154 CPINS5 BtuL Temp. LIN
lb/_R

ML 155 a_oI_5 lb/_ 3 Temp. I_I_

7

!
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PROGRAM OUTPUT )
m

Program output consists of a printout of information specified in the

print subroutine (as described in Section II and Reference 2), and the pres-

surization output as specified by write instructions in subroutine C_RL.

The program as written provides a maximum output. Reduction in print-

odt by deletion of specific output items is accomplished by reprogramming the

PRINT subroutine for changes in Thermal Analyzer output (node temperatures,

resistor and capacitor values, and R-C products), or the write instructions in

subroutine CONTRL to adjust pressurization output (mass and energy balance

parameters).

Program output is called at intervals determined by the print interval

(Block 5, Thermal Analyzer input). All parameters specified as output are

printed out at this time.

The standard program output consists, basically, of five groups of

information covering the system thermal and mass balances:

Group 1 - This group lists results of system mass and energy balance

computations accomplished by subroutine CONTRL during this (_
mission, including the system average temperatures and --
pressure. Current time, computation interval, minimum R-C
product, gravity vector information, and pressurant system
parameters are included in this group.

Group 2 - Node temperatures are printed out in consecutive order from
left to right unless otherwise specified in subroutine PRINT.

Group 3 - System resistor values are printed out in consecutive order
unless otherwise specified in subroutine PRINT. Each resis-
tor is identified as to terminal nodes in the printout of
the program input quantities which immediately precedes the
printout of computational output.

Group 4 and 5 - These groups consist of system capacity and resistance-
capacity, product values, respectively, for each of the nodes
in Group 2.

An optional "tracer" output is provided as a rJeansof program checkout.

Whether the standard or tracer output is printed is determined by the value

assigned an input quantity, KOUT.

KObT = 1 standard output is given

KOUT ='2 standard plus "tracer" output given

0
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T_mperatures, resistors, and capacitors associated with the system will

be printed at every print t_e regardless of the value of KOUT. Capacitors

are signed to de::igna+ethe following:

- node is in gas region

+ node is liquid, wall, or insulation

The standard output shown in Table 4-7 for one time step includes lines

1-14 of the output listed in Table 4-8 plus the network temperatures, resis-

tances and capacitances.

The "tracer" output option should be used only if there is reason to

believe that the program is not performing the desired calculations in the

correct sequence and/or manner. When using this output option, each time a

subroutine is called from CONTRL, a comment is printed out showing all the

pertinent data used in calling the subroutine. This is done during every

computing interval, and therefore aids in tracing possible errors in the pro-

gram. Since all this extra output will usually far exceed that normally

printed out, the amount of machine time used will be quite large and the

option should be used only on short runs.

At every print time of the time history two pages of quantities are

printed out by the subroutines CONTRL and PRINT as shown in Table 4-7. Table

4-8 is a description of the output items.
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TABLE4-8 ..

STANDARDOUTPUT ITEMS

OUTPUT
LINE NO. QUANTITY DESCRIPTION

Line 1 Heading

Line 2 TIIETA Time (sec. )

DTHETA Time step (sec. )

RC MIN Minimum R-C product

NODE NR. Number of node which has R(_IN

PREV D THETA Previous time step (sec.)

GRAVITY Gravity at present time

ANGLE Angle between longitudinal axis of tank
and gravity vector (deg.)

Line 3 TOTAL PRESSURE Total gas pressure within tank (psi) ""

PARTIAL COND. Partial pressure in tank due to conden-
sible gas (psi)

PARTIAL NONC. Partial pressure in tank due to non-
condensible gas (psi)

Line 4 TEMP.AV. GAS Average temperature _ithln gas space (°R)

TEMP.AV. LIQUID Average temperature of liquid (°R)

AVERAGE ALL Average temperature of all internal node
(oR)

DELTA TEMP Adiabatic temperature change (°R)

Line 5 MAX. LIQ. NODE Temperature at hottest liquid node (°R)
or,if GRAVITY _0.O, an interpolation
between the hottest liquid surface node
and its attached gas node

0
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.} TABLE 4-8 (Continued)

OUTPUT
LINE NO. QUANTITY DESCRIPTION

Line 5 MAX. LIQ SURF NODE Temperature at hottest liquid surface
(Cont) node (°R)

MAX. SURF GAS NODE Temperature at gas node attached to
hottest liquid surface node (°R)

TS Temperature at liquid surface (°R) under
gravity conditions

Line 6 VOLUME OF GAS Volume of gas within tank (ft3)

MASS CONDENSIBLE Mass of condensible gas in tank (ib)

MASS NONCONDENSIBLE Mass of noncondensible gas in tank (lb)

SUM DELTA MASSES Sum of mcc (over time o-present)_ where
mcc = change in mass of condensible gas
due to evaporation and/or condensation
(lbs)

Line 7 SUM MASS COND VENT Amount of condensible gas vented to
present time due to pressures
> FMAXxPMAx

SUM MASS NONC VENT Amount of noncondensible gas vented as
above

SUM _tiTS COND ADDED Amount of condensible gas added (lbs)
(to present time)

SUM MASS NONC ADDED Amount of noncondensible gas added (lb)
(to present time)

Line 8 MASS OF LIQUID Amount of liquid in the tank (Ib)

MASS LIQUID USED Rate of liquid usage at presen time

(ibs/sec.)

MASS LIQUID ADDED Rate of liquid addition at present time
(ibs/sec.)

D
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t_TABLE4-8(Cont) .,
I

OUTPb_f
LINE NO. QUANTITY DESCRIPTION |

L
Line 8 MASS GAS USED Amomlt of gas used up to present time [
(co_t) (lb) F

Line 9 SUM MASS LIQ USED Amount of liquid used to present time
(ib) _

SUM MASS LIQ ADDED Amount of liquid added to present time
(:.b) _'

DELTA VOLUME Change in gas (or^liquid) volume since i
last timestep (ft_)

LLne lO STY4EXT HEAT Net tank heat input (Btu)

Line ii FMGA Mass of gas added to the tank since the
last timestep (lbs)

HEL BOT PRESSURE, Pressure inside the pressurant bottle ._
(psi)

FEL BOT TEMP. Temperature inside the pressurant bottle
(°R)

!

T SUB X Temperature of the gas when entering the
tank (°R)

HELI_ WEIGHT Amount of helium in pressurant bottle
(lb)

PREVIOUS WEIGHT Amount of helium consumed up to
previous time step (ib)

Line LR SCGAS Sum of capacitors of gas nodes (Btu/OR)

SCLIQ Sum of capacitors of liquid nodes
(Btu/@R)

SCINT Sum of capacitors of surface nodes
(Btu/°R)

SCALL Sum of capacitors of all internal nodes
(Btu/°R)

LOCKHeeD _'30
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TABLE 4-8 (Continued)

OUTPUT

LINE NO. QUANTITY DESCRIPTION

Line 12 TLA TemperatL_e at which liquid is added (OR)
(Cont)

RHO LIQ Density of liquid (ibs/ft3)

Line 13 CP GAS C Heat capacity of condensible gas (Btu/
ib/oR)

CP GAS N Heat capacity of noncondensible gas
(Btu/ib/OR)

CP LIQ Heat capacity of liquid (Btu/ib/°R)

K GAS C Thermal conductivity of condensible gas
(Btu/hr ft/°R)

K GAS N Thermal conductivity of noncondensible
gas (Btu/hr ft°R)

KLIQ Thermal conductivity of liquid
(Btu/hr ft/°R)

Line 14 ZC Compressibility factor of condensible gas

ZN Compressibility factor of noncondensible
gas

ZX Compressibility factor of pressL_ant gas

CPX Heat capacity of pressurant gas
(Btu/ib°R)

RLAM Heat of vaporization (Btu/ib)

GAMMA Total heat capacity ratio

Line 15 H BAR Film.coefficient (Btu/sec ft2 OF)
(will be

Y BAR Average boundary layer thickness (ft)
printed only if
stratification T TOP BL Average temperature of top boundary layer
is used) (°R)

RAYLEIGH NR. System Rayleigh m_nber (side) (NGR.NpR),
dimension_ess

BOND NR. (g p L_), dimensionless

W Mass flow (lb.m)

4-31
L.OOKHEEO

3

1967020835-158



LR 18903

TABLE _-8 (Continued) -#

OUTPUT
LINE NO. QUANTITY DESCRIPTION

Lines 16, 17 LAYER TEMPS. Average temperature of each layer con-
(will be printed talning fluid nodes (OR). (Starting with
only if strati- uppermost layer) Temperatures are printed
_icatlon is 6 per llne.
used)

Lines 18 TEMPE_RATURES Temperatures of all system nodes (OR)

and higher RESISTORS Resistances between all system nodes
(sec °R/Btu)

CAPACITORS Capacitances of all system nodes (BtuCR)

R-C PRODUCTS Resistance-capacitance product of each
node and its attached resistors (sec.)

O
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V - EXAMPLE PROBLEM

PROBLEM DESCRIPTION

The following problem is employed to illustrate the manner in which

the pressurization program Is used. This case contains two propellant tanks,

with the oxidizer, nitrogen tetroxide, being specifically examined since there

is a capability of analyzing only one tank at a time.

The tank is cylindrical wlth hemispherical ends, and it is divided

into two radial segments, four circular segments and six axial segments (in

the cylinder). The tank has no insulation and therefore no outer wall. Al-

together there are 96 tank nodes and 244 tank resistors. This is a two-gas

system, condensable vapor and noncondensable pressurant. The problem is

_) expected to run not more than 30 minutes on the computer, at which time the

5050 second mission should be completed. If, for any reason, the 30-minute

time estimate is inadequate, it is desired to cut off the run after 30 minutes

on the computer and save the information for a possible continuation run.

The liquid used is nitrogen tetroxide (N204), the condensable gas is

nitrogen dioxide (NO2), and the nonconaensable gas is helium (He).

The pressurant bottle, containing helium, is presented as a two-node

system (nodes 97= 98), and its surroundings have been reduced to a single

equivalent resistor and a constant temperature node (node 99). Surrounding

the propellant tank is a network of four nodes (nodes 201-204), assumed to be

constant temperature sources. Nodes 299 and 300 are dummy n_es, defined for

the purpose of reserving 300 storage locations for the temperature region.

The resistor between the pressurant gas and the pressurant bottle

wall varies with time s_d is computed in the FUNCTION block during non-flow

periods and in CONTRL during flow periods. The resistor between the pressurant

bottle wall and its external node is a conduction resistor of constant value

3
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and is therefore defined completely in the resistor block. The four nodes _

external to the propellant tank are connected by a network of 32 radiation

resistors, all of which are defined in the FUNCTION block. Resistor 700 is

a dummM resistor, input only to reserve 700 storage locations in the resistor

region•

Nodes 97 and 98 are to be included in the heat balance, but not nodes

99 and 201-204 since they are constant temperature sources. Nodes 97 and 98

are therefore listed in the capacitor block. Capacitors 299 and 300 are

dummy capacitors, input only to reserve 300 locations in the capacltor region.

Some of the assumptions that are made for this case are:

1. The system is under a nongravlty condition during all times except
during liquid usage periods when a gravity condition exJ.sts.

2• The angle between the main axis of the tank and the gravity vector
remains constant at 0°.

3. The tank is used in series with a fuel tank. The fuel has the
properties of AEROZlNE 50 and is used in a 1:2 mass ratio with

the N204. Flow from the helium pressurant bottles is then pro-

portioned to the different flow rates and liquid densities _

_. The effects of fluid stratificatiou are to be ignored for this case-

therefore no stratification data are given on the sample input

sheets.

EXAMPLE PROBLEM INPUT

The input sheets for the examl_leproLrlemappear in Table 5-i. The ----=

input is prepared as shown in Table 5-2.

O
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TABLE 5-2 -.

EXAMPLEPROBLEM INPUT DESCRIPTION

INPUT

CARD NO, QUANTI'ff DESCRIPTION

Card 01 CID Case Identification

Card 02 _.NET Pressurization program input following

Card 03 NTYPE I Cylindrical tank with hemispherical ends

NRAD 4 Number of radial segments into which the tank is

divided (arbitrary, but must be divisible by 4)

NC!R 2 Number of circular segments into which the tank

is divided (arbitrary, must be __ l)

NSECT 6 Namber of axial segments into which the cylindri-

cal section is divided (arbitrary, must be _ l)

NTNK 0 No insulation layers around the tank

INNOD i First node number of tank (always I) _-_-_

IGC 2 Two gas system (Helium plus condensable oxidizer

vapor)

IPRESS ± Tank pressurized to operating pressure at all
times

KOUT i Standard Output to be printed

IRSTRT 2 Final conditions saved for next segment (Table

4-4)

IPTLIQ 1 Average liquid temperature vs. time to be punched

on cards used as input to second tank in series

LIBTAP 1 Materials properties to be taken from the mater-

ia].s library tape.

MTLME 30 Estimated machine time for current segment (rain)

K_f 5050 Mi_;sion time at which current segment is to stop

(s_c)

O
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TABLE 5-2 (Continued)

i i

INPUT

CARD NO. QUANTITY DESCRIPTION

Card 04 TKRAD .619 Radius of tank (ft)

TKLEN 3.365 Length of cylindrical portion of tank (f_)

T_4PZ 80. Initial temperature of system (°F)

TKZ_'ALI.0052 Thickness of tank wall (ft)

'Ig[WAL20. No insulation layers around tank

Card 05 TKINS(1) 0

TKI S(2)0

No insulation used, therefore all insulation
TKINS (3) 0

layers of zero thickness

 i s(4)o

 Ns(5) o
J

Card 06 PR 35. Initial pressure in tank (psia)

VGAS .01 Initial ullage space in tank (arbitrary or can

be computed for a required liquid weight)

TSAT 133°F Saturation temperature at maximum operating

pressure

FMOLC 46.O1 Molecular weight of NO2 (since vapor is

dissociated N204), condensable gas

FMOLN 4. Molecular weight of He, noncondensable gas

FMOLX 4. Molecular weight of He, pressurant gas

TX 80. Initial temperature of pressurant (°F)

Card 07 FMIN 1.05 Factor for minimum pressure. Pressurant is
added at FMIN x PMIN

FMAX 1.05 Factor for maximum pressure Tank vented at
FMAX xPMAX

D
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TABLE 5-2 (Continued)

" "/ i

INPUT

CARD NO QUANTITY DESCRIPTION

Card 07 PMIN 30. Minimum operating pressure (psia) i

(Cont ) i_
P_a_X 62. Maximum operating pressure (psia)

Card 08 RADI F i. Overall view factor from liquid surface to i

exposed tank wall !

RADI _ 1.713 Stefan-Boltzmann constant !_

x 10-7
i

_i .50 Emissivity of liquid surface I

.i
_2 .80 Emissivity of tank wail

Card 09 MHT 74. Weight of helium bottle (ib)

RHT .5208 Radius of helium bottle (ft)

RESHT 0 _

VHT .594 Volume of helium bottle (ft3)

TOHT 80. Initial temperature of heliumbottle (°F)

HEXSW O. Propellant-pressurant heat exchanger not used

POHT 1500. Initial pressure inside helium bottle (psia) i

Card i0 WNFHT 1.245 Helium usage factor

O
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Only WNFHY_ of the above quantities requires any _:omputation. Th[;_

factor is _sed to take into account the fact that oxidizer and fuel arc flow-

ing simultaneously, and that the pressura_t _ystem is a two-tank paral Lel

arrangement. The subroutine CONTRL computes the required pressurant for a

single propellant tank. The oxidizer flow rate is twice the fuc_ flow rate.

T_lerefore assuming parallel flow from fuel and oxidizer tanks; if the fuel

tank requires i lb. of He, then the oxidizer requires:

Pf
(

pc j\
iib He x 2 ib oxidizer _Pt

h fuel x---- x = 6'/O ±bs at '{o°F
Pc (Pt - Pf) "

Total He required : 1 + .670 = 1.670 ibs

When flowing oxidizer:

1.670 1

W = _ x- x Wre q
2He tanks

W = 1..245 x W
p req

W = weight of pressurant removed from helium bottle
P

We q weight of helium required as computed in CONTRL.

The curves that are read in are described in Tables 4-6 and 5-2.

Gravity is equal to one during £iring times, otherwise a zero-gravity condition

exists. Curves 102-106 are materials properties. Curve 107 is the oxidizer

usage rate in ib/sec vs mission time. Curve 108 is zero since there is no

replenishment of this tank, as is curve 112 since there is no liquid added.

Curves 109-111, 113-129 are mater]a!s properties. Curves 130-132 are toler-

ances on updating fluid properties. They are set at 2°F, 2°F, 2 psi; changes

in temperature and pressure less than this are considered not large enough to

affect thermal properties significantly. Curve 133 gives the angle between

the main axis of the tank and the direction of the gravity vecto_ as a function

of time. Curves 136-155 represent materials properties with 141-155 input as

zero since there is no tank insulation.
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Many of the time dependent curves have the maximum value of the inde- ..

pendent variable set at 1,O00,O00; this is a convenient number that will

usually be beyond the actual maximum value of this variable.

EXAMPLE PROBII_4OUTPUT
|

The results of running the program are presented in Table 5-3, which

is the computer output for the example problem. The printout for each time-

step is not presented since it is not necessary for illustrative purposes.

Segments of the output are shown to illustrate several portions of the mission.

All results are shown as a function of time. All of the output quantities

are labeled except the temperatures, resistors, capacitors, and R-C products.

Thes._unlabeled quantities are listed for the particular nodes in consecutive

orde_ from left to right. The values for the external network are so noted.

The FUNCT and PRINT'blocks are presented first, since they are usually

recompiled for each run. Next is the main pressurization program input.

Following are the external initial temperatures, internally generated and

external resistor identification, and all initial capacitor values. The

series of required curves (Table 4-6) is then printed out. ""

Time histories of the mission start at time zero. At this time

several parameters and materials properties have infinitesimal values since

they are not defined the first time through the program. Up to 5000 sec

a non-flow period exists, and the change in temperature, pressure and the other

variables can be noted. The compute interval for the machine is taken as

0.95 x RCmin; this information is printed at the top of the page for each

print interval.

It should be noted that at the first printout after 5000 sec (the

start of flow and change of gravity) all the fluid nodal temperatures are

equalized. Also, the conditions in the helium bottle are one timestep behind

the flow process.

The print intervals during the flow period vary from 0.5 to 2 sec,

with the smaller value used at the start of the period. This is done to

eliminate any problems that may arise due to expanding the ullage space too

rapidly. It should be noted that not until the second print interval after

the start of flow (5001 sec) does the tank pressure fall below the minimum

0
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regulator pressure of 30 psia and helium starts flowing. The final printouts

show the last two print intervals of the run.

At the end of many of the print intervals is a section labeled

ENTERING RECALC. This was originally used in the debugging phase of program

development and has been left in. RECALC is entered under the following

conditions :

i. The average gas or liquid temperature changes by more than 2°F.

2. The total pressure changes by more than 2 psi.

3. The magnitude of the gravity vector changes.

4. Vol'_,leof gas changes more than .O1 ft3 (due to liquid outflow).

The quantities printed out are, from left to right, total tank

pressure, average gas temperature, average liquid temperature, partial pressure

of noncondensable gas, partial pressure of condensable gas.

5-21
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TABI 5-3(conlm o)

CEC I 97 80.0 22660
OEC I _li 80.0 7.2660
N¢ I q9 85.0 2?.660
I[_C | 201 65.0 2266Q
IDkt, It 202 -45.0 7.2660
_C 1 203 *)6.0 22660
DEC 1 ?.04 1600C 22660
CEC 1 299 SOO.O 22660
DiG I ]00 500.0 22660
hBK O 22660
DEC I 1 1 20.
CEC 1 2 2 30.
F,EC 1 ) 4 5 C*
HC I * 5 6 O.
GEC I S ; 8 0.
•CEC 1 6 O 9 00
I_C 1 1 10 11 0.
0_C I O tl 12 00
.OEC 1 q I 4 ©.
NC I 10 Z 5 C.
F,_C I 11 ) 6 Co
CEC I 12 4 I O.
0EC 1 13 '_ 8 00
0EC 1 14 6 9 00
_c I |5 7 1o o.
_EC i 16 O 11 0.
DEC 1 17 9 12 0.

-_ OlEC I 18 10 1 O.
__. OEC I lq li 20.

DEC I 2O 12 30.
CEC 1 21 13 14 O.
CEC I 22 14 15 C.
DEC 1 23 16 11 O.
CEC i 24 17 18 0o
CEC I 25 lq 20 O.
OEC 1 26 20 21 0.
CEC I 21 22 23 C.
_C 1 28 23 24 O.
CEC 1 2q 2S 26 ¢.
£SG I _lO Z6 2; O.
CEC I )1 28 2_ O.
DEC I 32 2q 30 00
QEC | 33 31 32 C.
DEC I 3'6 37. )3 @.
CEC I 35 )l, 3S ¢.
f_C I 36 3S 36 O.
OtEC I 31 37 38 Go
C_C I 38 38 3q O.
ns£ I 39 _0 41 00
0EC 1 40 4t 4Z O.
OEC 1 41 49 'b4 40.

1 42 44 45 O.
CEC 1 43 46 4"/ O.
CEC I db4 47 40 00
I3EC I 45 49 SO O*
CEC 1 46 S¢ 51 ¢0
CEC 1 _1 S2 53 O.
CEC I '40 5] 54 0*

0
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TABLE 5- 3 (CONTINUED )

PRESSURIZATION PaQGRAN IESI CASE (NITROGEN TETROXIDEI DAT_
DEC I _9 55 56 O.
CEC 1 50 56 57 O.
C4ECI 51 58 59 O.
I_C _ $2 59 60 @.
OEC 1 53 61 62 O.
DEC | S_ 62 63 O.
HC I 55 64 65 O.
GEC | $6 6S 66 O.
GEC | 57 67 68 Oo
Qi¢ I 58 60 69 O.
CEC I 59 70 71 O.
CEC | 60 11 72 O.
I_C I QI 13 74 @0
DEC I 62 74 15 0.
C£C | 63 76 17 Oo
I_¢ I 6_ 17 18 O.
r,_c 1 65 79 80 O.
INECI 66 80 81 O.
m£ I 67 8Z 83 O.
CIECI 68 03 04 O.
OEC I 6g 13 16 O.
_l ZO 14 17 O.
CEC I 71 15 LO O.
I_C I 72 16 lq O.

J 73 17 20 O.
DEC I 74 10 210.
OEC I 75 19 22 O. :-
nsC i 7, ZO z30. +
_c I 77 21 24 O. "+
cmc_ ,0 22 13 O.
rd_G I 19 23 14 O.
CEC I OO 24 15 Oo
£EC I 81 25 28 O.

• OZ _6 29 O.
DEC I 13 27 30 O.
DEC 1 14 28 31 O*
_J_GI |5 29 32 O.
DEC 1 06 30 3) O.
DEC I 07 31 34 O.
I_G A IO 32 35 O-
llC 1 89 3) 36 O.
8_C I 90 34 25 O.
f]E.C • 91 35 26 Oo
fIC I 92 36 27 C.
£EC 1 93 37 40 O.

L t_ 31 41 Co
CEC 1 95 39 42 O.
OEC I 96 40 43 O.
nl_ I 97 41 44 Oo
GIP:CI 91 42 4S O.
GEC I 99 43 46 O.
JO_ L AO0 44 4T O.
C_C I 101 4S 41 O.
IMECI 102 46 3_ O*
f_¢ I 103 47 31 O.
CEC I 104 41 39 O.
CEC I 105 49 51 O.
OeC I 106 SO 93 O.
OIECI 107 Sl 54 O.

0
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TABLE 5- 3 (CONTI_ )

PRESSUR|ZATiON PROGIItANIEST CASE |NITROGEN TETAOX|OE) OATE
CE£ 1 108 $2 SS Oo
CEC I JOg 53 56 0.
0EC 1 110 54 57 O.
CEC I 111 55 S0 0.
CEC 1 112 56 59 0_
CEC 1 113 51 60 O.
ClEC I 114 S0 4g 0.
CEC I 115 59 50 0.
©tC 1 116 60 51 0.
CEC I 117 61 64 0.
CI[C I 111l 62 65 G,
(NEC I 119 63 66 00
_C 1 120 64 6? 00
CEC 1 12i 65 60 00
CEC I 122 66 69 O.
CEC t 123 67 ?0 00
CEC I 124 68 71 00
£EC ,I 125 69 72 00
CEC 1 126 70 61 0.
F,EC 1 12T T1 62 00
01EC 1 120 72 6) Go
NC I 129 13 76 O.
F,EC | 130 T, ?? 0.
0EC 1 131 15 78 00
IXC t 132 T6 lr9 O.
0EC I 139 1T 80 O.
9EC I 134 78 81 00
_C ! 135 19 82 O.
_C I 136 80 0$ 0.
OtC 1 1)1 81 84 00
0tC 1 130 02 7S 0.
Ck_, I 139 II) T4 00
0_C I 140 04 TS 00
OtC J, 148 13 25 00
MC I 142 14 26 00
NC 1 143 lS 2T 00
MC J 144 16 28 00
NC 1 149 I? 29 00
MC I 146 /,8 $0 00
mC I 147 19 31 00
01C I 140 20 32 00
NC I l*q _tl 3) @0
o4Lf;1 ;SO ,_Z )4 O. _,
01C 1 lSl 2) SS O°
NC 1 1$2 24 36 Co
,GEl;I JI.S]. 2S )10.
0eC 1 154 26 38 0.
OtC it iSS _t? 99 O*
m£ i 156 20 4o o.
Nc 1 is/ 2q 41 o.
Nc 1 |SO _0 42 O.

1 tSS ]1 4$ 0o
Clt¢| 160 )Jr 44 00
Ot¢ 1 161 9) *S 0o
0QG I t62 34 46 0o
01C I 16,_ )S 4T Co
EC I 144 94 40 00
.Jl_ I 16S ]T 4'1 O-
ClEC | 166 J0 S0 0.
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TA_3LE5-3 (CONTINUED )

PRESSURiIAT|DN PROGRAI_ |ESII" CASE (NITRCGEN rfr.TROX11DE) DATE
CEG 11 161 39 5L O.
[EC JL L68 40 $2 C.
CEC | ].6q 41 53 O.
CEC 1 |TO 42 54 O.
£F.C L LTL 43 55 O.
CEC L L12 44 56 O.
CEC I i. 73 4S 57 O.
CEC L L74 46 qll O.
CEC 11 17._ 47 59 O.
CEC I 116 48 60 D.
CEC 11 171 49 6L O.
£EC 11 118 50 62 D.
OEC 11 179 51 e3 O.
OEC I leO 52 6,, O.
CEC l L81 53 65 (3.
CEC L 182 54 66 O.
CEC 11 183 55 67 O.
CEC I 18_ 56 68 O.
CE_ l 185 51 69 O.
OEC I L86 50 10 D.
CEC 1 L87 5q 11 O.
GET,, I 188 60 72 O.
CEC 11 L89 61 73 O.
CEC 1 190 62 74 O. '_
CEC I 191 63 75 0.
CEG 11 Lq2 64 76 O.
£EC 11 lq3 65 77 Do --
CEC l lq4 66 78 O. i
CEC I 195 6"/ 7q D. " "
CEC L 11q6 68 80 D.
CEC I L97 6q 81 O.
CEC I L98 lO 82 Do
CEC 11 1199 ?l 83 D.
CEC I 2DD 72 8_ D.
CEC l 201 l 13 O.
CEC 1 202 2 14 O.
GEC I 203 3 15 O.
CEC L 704 4 16 O.
CEC 1 _(_S 5 IT D.
CEC I .06 6 18 O.

£E._ ', 2C7 7 19 O.
C£,2 I 208 8 20 O.
CEC I 20q 9 21 O.
CEC I 210 10 22 O. 1
CEC 11 211 II 23 O.
CEG I 212 12 24 0,_
CEC 1 213 65 86 0.
IDEC I 214 86 87 O.
CEC 1 215 68 8q O.
CEC 1 216 Oq qo O.
OEC 11 217 ql q20.
GEC I 218 g2 93 O.
CEC I 2lq q4 q50.
CEC I1 220 q5 96 O.
CEC 1 22l 85 88 O.
CEC 1 222 06 89 O.
CEC I 225 87 90 O*
CEG l 224 98 ql O.
OEC I 225 6g q20.

O:
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TABL_ 5- 3 (CONTI_ )

PRESSURIZATION PROGRAM IESI CASE (NITRCGEN rErROXIDE! DATE
DEC | 226 gO g3 O.
DEC ! 227 91 94 0.
CEC | 228 92 95 0.
CEC i 229 93 96 0.
DEC I 230 9. 85 0.
DEC I 231 95 86 0.
£EC I 232 56 8? 0°
I_EC i 233 73 85 00
CEC I 234 76 86 00
CEC I 235 15 87 00
CEC I 236 76 88 0.
CEC I 237 17 89 Do
DEC 1 238 18 SO 0.
CEC I 239 19 91 00
£EC I 24© 80 92 O.
OEC I 261 81 93 0.
8EC I 2*2 82 96 0.
DEC I 243 83 95 0.

CEC I 244 84 96 0. _-
£EC | 245 91 98 0.0 22660
DEC I 2_6 98 99 IC35.0 22660
_£____1 501 201 3 0.0 22660
DEC I 502 201 15 000 22660
0E¢ I 503 201 2_ 0o0 22660
01EC | 504 201 39 00¢ 22660
DEC I 505 201 51 O.© 22660
DEC | 506 201 63 0DO 22660
9_C | 501 201 75 O.O 22660
OEC I 508 201 87 000 22660
DEC 1 511 202 6 0DO 22660
CEC I 512 202 18 0o0 22660
DEC I 513 202 30 000 22660
OEC | 514 202 42 0o0 22660
_E_ ! 515 202 54 0.0 22660
DEC I 516 202 66 0.0 22660
0EC 1 517 202 78 0DO 2266C
O_C I _18 202 90 0.0 22660
DEC I 52! 203 9 O.0 22660
CEC I 522 203 21 0.C 22660
_E_ I 523 203 33 C.0 22660
DEC I 524 203 45 000 22660
CEC I 525 203 57 O,O 22660
_EC I 526 203 69 000 22660
DEC 1 527 203 El 000 22660
DEC 1 520 203 93 0DO 22660
I_,£ I $31 204 12 0.0 22660
DEC I 532 204 24 0.0 22660
DEC I 533 204 36 O,O 22660
DEC I 534 204 40 000 22660
OEC I 535 204 60 ODD 2266C
GEC I 536 204 72 0.0 22660
GEE I 537 204 84 0.0 22660
CEC I 538 J04 56 0.0 22660
DEC I 1©0 299 300 1.0EIO 22660
J_K 0 22660
CE¢ 1 I Do
CEC I 2 0.
CEC I 30o
DEC 1 40.

I.OCKHEIrO 5-29

1967020835-188



LR 18903

TABLE 5- 3 (CONTIh'UED ) -"

PRESSbRIZATIGN PROGRAM TEST CASE |N|TRGGFN |E|ROXIDE) DArE
CEC L 50.
CEC, 1 6 C.
DEC I ? 0.
CEC I 8 0.
CEC 1 _ 0.
CEC 1 10 0.
OEC I. 11 O.
CEC I 12 O.
CEC I 13 O.
OEC I 14 O.
0EC 1 15 00
CEC I 16 Co
CEG I 17 O.
CEC 1 18 O.
CEC I lq O.
i_EC I 20 O.
[;El; I 21 O.
CEC I 22 0.
CEC, I 25 O.
DEC I 24 0.
CEC 1 25 O.
I_E(; I 26 O.
CEC I 27 0.
CEC I 28 O.
CE¢ 1 29 O.
DEC 1 30 O.
CEC I 31 O.
CEC 1 32 O.
CEC I 33 O.

DEC I 3_ O. _
0EC I 35 O. _--
CEC I 36 C.
DEC l 37 O.
CE¢ l 38 0.
£EC I 39 O.
CEC I 60 O.
I_EC 1 41 O.
CEC 1 42 O.
DEC I 43 O.
CE¢ l 4* O.
OEC I 45 O.
r-EC I 66 O.
I;EC I 47 O.
OEC I _80.
CEC 1 49 O.
CIEG I SO O.
I_EC I 51 O.
CEC 1 52 O.
DEC I 53 O.
CEC 1 54 O.
£EC I 55 O.
CE£ I 56 O.
DEC I 51 C.
CEC I 58 O.
CE¢ I 59 O.
CEC I 60 0.
DEC ! el O.
0EC I _20.
CEC L 63 Oo

C-
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PRESSURIZATION PROGMAM IFSI £ASI: (NITROGEN TETROXIDEI DATE
CEC | 64 O.
CEC I 65 O.
CEC I 66 O.
CEC I 61 0.
CEC 1 68 0°
CEC I 6q O.
CEC I 10 0.,
CEC I 71 O.
DEC.,1 72 O.
CEC L 73 0.
CEC | 76 0o
CEC I 75 O.
CEC ! 76 0.,.
CEC I 77 G.
CEC 1 78 O.
CEC 1 79 O.
CEC I 80 0.
CEC I 81 C.
CEC 1 82 O.
CEC 1 83 O.
CEC 1 86 O.
CEC 1 05 O-
DEC 1 06 0.
CEC 1 81 0.
CEC 1 88 O.
OEC 1 89 Oo
r,EC 1 90 0.
CEC L gl O.
CEC 1 q2 0.
CEC 1 q3 0.
OEC 1 q4p O.
CEG I 95 0,,
CEC 1 q6 0.
CEC 1 97 0.0 2?660
CEC 1 98 0.0 226c,0
CEC 1 300 0.0 22660
hBK 0 22660
CEC 0 9T 22660
CEC 4 101. 102. LC3. 104. 2266C
CE(; 4 105. 106. 107. 108. 22660
CEC 4 109. 110. 111. 1L2. 22660
OEC 4 115. 116. 115. 116. 22660
CEC 4 111. 118. 11q. 120. 22660
CEC 6 121. 122. 123. 126. 22660
CEC 4 125. 126. 127. 12B. 22660
CE_, 4 12q. 130. 131. 132. 22660
DEC 4 133. 136o 135. 136. 22660
CEC 4 137. 138° L3r_. 160. 22660
DEC. 6 141. 142. 143. 166. 22660
_EC 4 165. 166. 167. 14,8- 22660
0EC 4 14q. 150. 151. 152. 22660
OEC 6 153° 156. 15_. 156. 22660
CEC 4 L57. 158. 15(;. 16_. 22660
CEC 4 161. 162. 163. 166. 22660
I;EC 6 165,, 166. 167. 168. 22660
0EG '_ 16q. 170. L71. 172. 22660
CEC 4 173. 114= 175. 116. 22660
DEC 4 117. 17B. 179. 180. 22660
CEC 4 181. 182. 183. 186o 22660

am
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TABLE 5-3 (CO_NTINUED) "_

PRESSUR|ZATI_N PROGRAM TEST CASE |NITRGGEN TETRQXIDEI DATE
0lEG 4 185. 186. 187. 188. 22660
CEC 4 189. 190, 191. 192. 22660
CEC 4 193. 194. 195. 196, 22660
CEC 4 197. 198. 191. 200. 22660
OEC 0 -97 22660
CEC 0 IC1 GRAVITY 22660
_EC 4 0.0 0.0 5OO0.O 0.0 22660
DEC 4 5000.0 1.C 5050.0 1.0 22660
OEC 4 5050. O.C 100000C. 0.0 22660
0EG I 0.O 22660
£EC O -101 22660
CEC C 102 22660
TAP 0NI0-23 22660
COO 0 5 109022266
0EC 6 002005. 32. 10.07 118. [46. 220. 109032266
DEC 6 .01 -.04 -.063 -.088 -.086 -.035 109042266
GEC 6 300. -.04 -o063 -.088 -.OSb -.O35 109052266
GEC 0 -102 22660
_C C 103 K LIQUID22660
TAP 0N|C-I 3 22660
C00 O 1 103022266
_¢ 6 11.8 .085 110o .070 145. .062 103032266
DEC 6 160. .056 220. -.035 316.8 -.01 103042266
CEC 1 O. 103052266
_EC C -103 22661
DEC 0 104 Z C 22661
TAP 0NTO-28 22661
COD 0 71 110022266 4_
DEC 6 014007. 32. ?C. 100. 130. 160. 110032266
GEC 2 190. 220. 110042266 ..
OEC 6 4.85 -.52 -.59 -.66 -.75 -.86 110052266
0EC 2 -.94 -.q7 110062266
DEC 6 14.7 .566 .64 .728 .83 110072266
Q_ 2 .913 .957 110082266
CEC b 20. .62 .698 .80 110092266
GEE 2 .889 .942 110102266
_C 6 30. .594 .659 .75_ 110112266
DEC 2 .851 .917 110122266
OEC 6 40. .632 .722 110132266
OEC 2 .821 .8S4 110142266
CEC 6 50. .612 .695 110152266
CEC 2 .792 .872 110162266
I_C 6 6C. .597 0673 |10172266
DEC 2 o767 0855 110182266
CEC 6 80. .637 110192266
GEC 2 .125 .824 110202266
GE_ 6 100. .60q 110212266
DEC 2 .693 .797 110222266
GEC 6 125. 110232266
DEC 2 .660 .768 110242266
£EC 6 150. 110252266
DEE 2 .632 .742 110262266
CEC 6 200. 110272266
CEC 2 .696 110282266
CEC 6 _500 110292266
CEC 2 .653 110302266
GEC 6 3000 110312266
CEC 2 .608 110322266
CEC C-104 22661

l o
LOCKHEED 5"32

i

1967020835-191



J

TJ_ l_b I

_s

TABLE 5-3 (CO_I'INUED)

PRESSURIZATION PROGRAM TEST CASE (NITROGEN TETROXiDEJ OATE
CEC 0 105 P C 22661
TAP 0N|0-14 22661
C00 0 0 104022266
DEC 6 1|08 _,7 14o 209 20, 3,65 |04032266
CEC 6 30. 407 40, 6,4 50, 8,5 _04042266
CFC 6 70. 14.8 80. 19.5 100. 30.7 1040_2266
£EC 6 |20. 68.2 16C. 74. 160. Ill, 104062266
DEC 6 ,_80. 164. 200. 236. 220. 330. 104072266
DEC 6 2400 460o 260. 630. 2800 860. 104082266
CEC 6 JO0. 1160. 310, 1330. 316,8 1470. 104092266
CEC 1 C. 104102266
CEC C -105 22661
CEC C 106 Z N 2266i
TAP OHEL-28 22661
COO 0 71 220022266
OEC 6 0080100 -648,9 -44701 -46305 -440. -425. 220032266
CEC 5 -4000 -30C0 -2000 O. 600. 220042266
DEC 6 1o0 -l. -1. -.i. -I. -1o 220052266
_C 5 -!_ -1, -1, -I. -1. 220062266
OEC 6 1401 0879 .9|7 0926 0974 ,996 220072266
CEC 5 100C1 1.001 1.0C1 l,OCI 10001 2200R2266
CEC 6 43,1 ,588 .741 0874 ,926 0988 220092266
CIEC 5 10004 1.005 100C3 1.00_ 1.002 220102266
CEC 6 1410 ,61_ 06C8 .720 .835 ,9RO 220l|2266
DEC 5 1,016 1,016 1.011 1.007 1,003 220122266
CEC 6 3970 1.368 1o222 I0074 10017 1,031 220132266
CEC 5 10062 1.06] 1.030 1,019 1,008 220142266
_'C 6 882. 2,62g 2.251 1.896 10655 10295 220152266
CL_ 5 10187 1.0q8 10068 1.041 10017 220162266
CEC 6 1470. 3.S92 3,677 20802 2.386 1.616 220|72266
DEC 5 1,364 10166 1.113 10069 1.028 220i82266
CEC 6 6000° 3.70 _20192266
DEC 5 2,50 10598 10319 10221 10106 220202266
CEC C -106 22661
[EC 0 |C1 FMLU 22661
CEC 4 000 O,C 500000 0.0 22661
CEC 4 5C3000 2.EE72 5C5000 2,80?2 2266|
CEC 4 5C50.0 O.C IO00000. 0.0 22661
CEC 1 0.0 22661
CEC C -101 22661
CEC 0 108 FMLA 2266|
OEC 5 0.0 O.C 10000G0. 0.0 0.0 22661
£EC C -108 22661
CEC C IC9 R LAMBUA2Zbb|
TAP 0NT0-16 22661
COO C 2 106022266
CEC 6 11,8 145o 250 -165, 500 -1760 106032266
CEC 6 70o 178, IO0. -L73. 1_50 -163, I06042266
£EC 5 |50. -147, 316.8 O, _ 106052266
CEC C -109 22661
CEC 0 110 Z X 22661
TAP OHEL-28 22661
COO 0 71 220022266
CEC 6 008010, -4k8,5 -447,1 -_4J,S -,40, -625, 2200322_6
CEC 5 -400, -300. -200, O. 600, 220042266
CEC 6 |,0 -1, -1, -I, -|, -|, 220052266
CEC 5 -1, -10 -1. -I- -I. 220062266
CEC 6 |4.7 ,87_ ,_17 ,qSb ,974 ,qq6 220072266
CEC 5 1,001 1,001 1,001 l.OOl l.OCl 220082266
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TABLE 5- 3 (CONTINUED )

PKESSURIZAIIQN PROGRAM IEST CASE [N|TRCGEN TETROX[OEI OATE
DEC 6 43.1 .588 °7•7 .874 .926 .988 220092266
DEC 5 l.O0• 1.005 1.003 1.002 1.002 220|02766
DEC 6 1•1. .611 .6¢8 .720 .835 .980 220112266
DEC 5 1.016 1.016 l.OLL L.OCT 1.003 220122266
DEC b J97. 1o368 1.229 1.074 1.017 1.031 220132266
DEC 5 1.062 1.0•3 1.030 1.019 1.008 2201•2266
DEC 6 882. 2.629 2.251 1.896 1.655 !.295 2Z0152266
DEC 5 1.187 L.oq8 1.068 1.0•1 1.017 220162266
DEC 6 1470. 3.992 3.417 2.802 2.386 1.676 220172266
OFC 5 1.36• 1.166 1.113 1.069 1.028 220182266
DEC 6 60GC. 3.70 220192266
DEC 5 2.50 1.598 1.379 1.221 1.106 220202266
DEC 0 -110 22661
DEC 0 111 CP X 22661
TAP OHEL-22 22661
C00 0 71 218022266
DEC 6 008011. -••8.9 -4•7.1 -••3.5 -••0. -•25. 210032266
DEC 6 -•00. -300. -200. -100. O. 600. 2180•2266
DEC 6 L. -L.31 -1.29 -1.27 -1.25 -1.2• 210052266
DEC 6 -1.25 -1.2, -1.24 -1.2• -1.2• -1.2• 218062266
_EC 6 1•.7 1.•2 1.37 1.31 1.285 1.26 218012266 ,
DEC 6 1.25 L.2• 1.2• L.24 1.2• 1.24 210082266
OEC 6 •3.1 2.C6 1.87 1.•9 1.386 1.28 210092266
OEC 6 1.26 L.2• 1.2• 1._4 1.24 L.2• 218102266
OEC 6 l•7. L.17 1.$5 1.% 1.706 1.37 2101L2266
OEC 6 L.28 1.25 1.24 1.2• 1.2• 1.2• 218122266
DEC 6 391. .76 .8q L.24 1.••3 L.•5 218132266
DEC 6 1.33 1.26 L.25 1.24 1.24 1.2• 2181•2266 -"
DEC 6 882. .6C .69 .q6 1.123 1.35 210152266 ._
I_EC 6 L.35 L.27 1.25 1.25 1.2• 1.2• 218162266
DEC 6 1•70. .51 .60 .86 L.003 1.22 218172266
OEC 6 1.33 1.28 L.26 L.25 L.25 1.24 218182266

l DEC 6 6000. 218192266
CEC 6 L.3L 1.28 1.26 1.2• 218202266
9EC 0 -ill 22661
DEC _ 112 T L A 22661
CEC 5 0.0 0.C 1000000. 0.0 O.U 22661
DEC 0 -L12 22661
DEC 0 L13 GAVMA C 22661
_G • 3003. O.C 200.0 •O0.U 22661
DEC 4 0.0 1.3C L.30 1.30 22661
DEC • 2C00.0 1.30 1.30 1.30 22661
CEG • 6C00.0 1.3C 1.30 1.30 22661
DEC 0 -113 22661
CEC 0 114 RHO LIQ 22661
IAP ON|O-L1 22661
COD 0 0 10|022266
DEC 6 LL.8 $4.27 LoQ. 80.53 240. 72.42 101032266
_EG 6 280. 63.05 300. SS.S6 310. •do07 L01042266
OEC 5 316. 39.96 316.8 34.34 O. 101052266
QEC 0 -114 22661
_EC 0 116 CP LIQ 22661
|AP 0N|0-12 22edb|
COD 0 1 102022266
5EC 6 il,8 .355 5C. .361 05, o37T 102032266
OEC 6 110. .402 120. .418 130. .438 102042266
DEC b 180, -.54 316.8 -L.OE20 0. 102052266
CEG 0 -|16 22661
_EC 0 117 CP GAS C22661

0
LOCKHEED 5-3 _

1967020835-193



J

Ll_ 1_390j

TABLE 5-3 (CONTINUED)

PRESSURIZATION PROGRAM |EST CASE (NITROGEN TETROX]DEI DATE
lAP 0N|0-22 22661
C00 C 73 108022266
DEC 6 006012. 32. 62. 70, 90. 105. |08032266
_EC 6 120. 135. 150. 170. 200. 230. 108042266
_EC I 260. 108052266
DEC 6 4.85 -.gl 1.55 1.7! 2.1g 2.2 108062266
DEC 6 2.14 i.90 1.54 1.07 .60 .39 108072266
DEC I .28 108082266
OEC 6 10.88 1.14 1.28 1.63 1.89 108092266
DEC 6 2.06 2.06 1.90 1.55 .95 .57 108102266
DEC I .36 108112266
DEC 6 14.70 1.13 1.46 1.7L 108122266
DEC 6 1.94 2.02 !.97 1.7C 1,11 .67 108132266
DEC I .44 108|42266
DEC 6 50. |08152266
DEC 6 -1.20 -1.39 -1.56 -1.74 -1.42 -.86 108L62266
CEC I -°52 108172266
DEC 6 100. 108182266
DEC 6 -1.22 -1,50 -1.27 108192266
DEC I -.75 108202266
DEC 6 300, 108212266
DEC 6 -.92 108222266
DEC 1 -1.13 108232266
DEC 0 -117 22661
DEC 0 118 K WALI 22661
TAP OT6AL-3 22661
COD 0 0 333022266
DEC 6 -414. .q2 -360. 1.6 -312. 2.08 333032266
DEC 6 -180. 3. 50. 4. 500. 5.5 333042266
DEC 3 16000 10.5 O, 333052266
_EC 0 -118 22661
gEC 0 119 DP MAL 122661
TAP OTbAL-2 22661
C.00 0 0 332022266
DEC 6 -440, ,00045 -435° ,00075 -430, ,00|2 332032266
OEC 6 -424° .002 -418. ,003 -410. .005 _32042266
DEG 6 -400, ,0C8 -38C, ,G!8 -340, ,0+I 332052266
DEC 6 -300. .062 -200. ,Oq6 -100. .114 332062266
0£C 6 100, ,136 800, ,153 1200, ,185 332072266
DEC 3 16000 o234 O, 332082266
DEC 0 -119 22661
DEC 0 120 RHD WAL122661
TAP OTbAL-I 22661
CO0 0 0 331022266
DEC 5 -4600 2780 28000 278. O, 331032266
flED 0 -120 22661
OEC 0 124 K GAS N 22661
TAP OHEL-23 22661
C00 0 5 g19022266
DEC 6 002008, -456, -450. -440. --410. -300, 219032266
DEC 3 -leO, 00 4000 219042266
J_dE£6 lo -00022 -.0063 -,GIG6 -00186 -,04 219052266
I)EG 3 -00613 -.0792 -01191 219062266
DEC 6 60000 -°0022 -.0D63 -.0106 -.0186 -,04 219072266
_EG 3 -,0673 -,o?q2 -01191 219082266
OEC 0 -124 _2661
OEC 0 126 CP GAS N22661
IAP OHEL-22 22661
C00 0 71 218022266
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TABLE 5- 3 (CONTINUED )

PRESSURIZATIGN PlU3GRAM|ESt CASE (NITROGEN rETROXIDEI DArE
OEC 6 008011. -4480_ -44701 -443.5 -440. -425. 218032266
DEC 6 -4©0° -30C. -2C0. -100. O. 600. 218042266
DEC 6 1. -1.31 -1.29 -1.27 -1.25 -1.24 218052266
CEC 6 -1.25 -1_24 -1.24 -1.24 -1o24 -1.24 218062266
DEC 6 14.7 1.42 1o37 1.3! 1o265 1.26 218072266
DEC 6 1o25 1.24 1.24 1.24 1o24 1.24 218082266
DEC 6 43,1 2.06 1o87 1.49 10386 1.28 218092266
OEC 6 1o26 1.24 1.24 lo24 1024 1.24 218102266
OEC 6 147. 1017 1o55 1.96 1.706 io37 218112266
DEC 6 1.28 1025 1.24 1.2• 1.24 1.24 218122266
DEC 6 397. .76 .Oq 1.24 1,443 1o45 218132266
OEC 6 1o33 1.26 1.25 1.24 1.24 1.24 218142266
DEC 6 882. .60 .6g .96 1.123 1.35 218152266
DEC 6 1.35 1.27 1.25 1.25 1.24 1.24 218162266
DEC 6 1•70. .51 .60 086 !.003 1.22 218172266
DEC 6 L.33 1.28 1.26 1.25 1.25 h24 218182266
DEC 6 6000. 218192266
OEC 6 1o31 1.28 1.26 1.24 218202266
DEC 0 -126 22661
:EC 0 130 EPS| GY 22661
DEC 5 0.0 2oC 1000000. 2.0 0.0 22661
DEC 0 -130 22661
DEC 0 131 EPSI LT 22661
DEC 5 C.O 2.0 10000000 2.0 0.0 22661
DEC 0 -131 22661
OEC D 132 EPSI PR 22661
DEC 5 0.0 3.C ICO00OD. 300 0.0 22661

DEC 0 -132 22661 _ iOEC 0 133 &NGLE 22661 -_
DEC 6 U.O 0.© 51000 0.0 51000 90.0 22661
DEC 6 5160. gOoC 516C. 0.0 10000000 0.0 22661
DEC 1 000 22661
DEC 0 -133 22661
OE_ 0 134 GAMMAN 22661
DEC • 3003. 0.© 200.0 400.0 22661
OEC 4 0.0 1.66 1.66 1.66 22661
CE¢ • 200000 1o66 lo66 1.66 22661
DEC • 6©0000 1.66 lo66 1.66 22661
CEC 0 -134 22661
D_G Q ;36 CP H8 ML22661
rAP OT6AL-2 22661
COO 0 0 332022266
I_G 6 -440. .00045 -435. .00075 -4300 .0012 332032266
DEC 6 -424. 0002 -418. .003 -410o .OOS 332042266
DEC 6 -400. .008 -380. .018 -340, o041 332052266

6 -300. 0062 -200. .096 -100. .114 332062266
DEC 6 AO0. .130 800. .153 1200. .185 332072266
DEC 3 16tO. .234 O. 332082266
_G 0 -136 22661
OEC _ 141 K INS 1 22661
DEC 5 -•60°0 000 40000 0o0 0o0 22661
I_F.C© -141 22661
DEC 0 147 CP INS 122661
DEC 5 -40¢+0 0.0 40000 0.0 0o0 22661
OtG 0 -142 22661
DEC 0 ,43 RHO INS122661
DEC 5 -460.0 O.C 4000_ 000 000 22661
_C C -143 22661
hBX G 22661

C
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APPENDIX A

NOMENCLATURE

a Distance from a fixed tank reference point to vapor-liquid

interface, ft

A Cross-sectional area, ft2

C A constant

Cp Heat Capacity, (P = const.) Btu/ibm, F

Cv Heat Capacity, (V = const.) Btu/ibm, F

d Fluid depth, ft

d' Check depth fo_ comparison, ft

D Vertical distance from reference plane, ft; Diffusivity,

cm2/sec;Diameter, ft

DNODE Node vertical distance from reference plane, ft

E Internal energy, Btu/Ib m

EPSIGT Tolerance on average gas temperature change between successive

time-steos, OR

EPSILT Tolerance on average liquid temperature change between

succesive time-steps, OR

EPSIPR Tolerance on pressure change between successive time-steps, psi

fr Friction factor

f Radiation shape factor

F Multiplying factor

FMLU Liquid use rate3 ibm/Sec

FMLA Liquid addition rate, ibm/Sec

g Net acceleration vector, ft/sec2; local gravity vector, ft/sec2"

go Standard acceleration_ of gravity, ft/sec 2

G Mass flow rate, lbm/ft2sec i

G1 , G2,G 3 Constants i

GOLD Magnitude of G at previous time step !

LOCKHIEO A-1
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# ,

ANGOLD Angle of g at previous time step

h Fluid film heat transfer coefficient, Btu/hr ft2 °F

H Enthalpy, Btu/lbm

HEXT Net hea leak into tank, Btu i

HELW Maes of gas in preesurant bottle, lb.

I Radial node position parameter, (I a I) i
I' Distance along radius to interface, ft t

INODE Node radius, ft i

J Circumferential node position parameter, (J a O)

K Thermal conductivity, Btu/hr ft °F

K Axial node position par_neter, (K a O)

_ODE Node axial distance from reference plane, ft

i Length, ft

Projected length, ft

L Length, ft

m Mass, ibm _

Time rate of change of mass, ibm/sec _

M Molecular weight, ibm/ib mole @

N Number of specific parameter items

NBo Bond nlnnber,(gpL2/_), dimensionless

NGr Grashof number, (g_AT L3p2/ F 2), dimensionless

Npr Prandt! number, (Cp_/k), dimensionless

NRa Rayleigh n_nber, (NGr . Npr) , dimensionless

NRe Reynold's number, (LG/_), dimensionless

p Partial pressure, ibf/in2

OLD Previous value

P System pressure, lbf/in2

Q Transferred thermal energy, Btu

R Radius, ft.; Universal gas constant, 1545 ft-lbf/lb mole,°R

O E

A-2
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R'NODE Radiu_ to transposed node, ft

S Surface area, ft2

t Thickness, ft

T Temperature,°F

V Volume, ft3

V'1V"3 V" Check volumes for node depth computations, ft3

W Mass, ibm

y Boundary layer thicknessj ft

Z Compressibility factor

Greek alphabet

Angle subtended by the wetted surface of a cylinder when C : i_

and the corresponding angle subtended by the dry surface when
C = O.

_' Translation of _ for node position comparison

a_, a_ Limits of_'

/ _NODE Angle of node from the tank normal axis

Coefficient of Thermal expansion

Y Specific heat ratio

Differential

Emissivity; Tolerance

0 Time, sec

Latent heat of vaporization, BtU/l b
m

@ Density, ibm/ft3

o' Stefan-Boltzmann constant Btu/hr ft2 °R4; surface tension,

lbf/ft

Angle between net accelerating vector and the tank major axis

Symbolic

a Bar over letter denotes average valat of the parameter

3

A-3
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'!

Time rate of zhange of mass, ibm/see ""

n

Summation over the liquid region nodes
i =I

m Sure,nation over the gas region nodes

z =l

S

Summation over the liquid surface nodes
i = I

Subscripts

A Added

ALL All nodes

B Insu/ation layer s

BL Boundary Layer

C Condensable gas _

cap Capacitor -"

cc Condensed or evaporated (- = condensed; + = evaporated)

t:.
CYL Cylinder !

f Friction

G Total gas (condensable and noncondensable)

H Hemisphere of radius RTor pressurant property

I Annular _e_ents inside the tank

INT All interl_cial nodes

J Radial segments

K Axial segment._

L Liquid

MAX Maximum

O
A-4
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MIN Minimum

N Noncondensable gas

P Pressure

res Resistor

R Radiation

SAT Saturated at

S Liquid-gas interface

T Tank

TS Thermal shield or outer tank shell

TW Tank wall

U Withdra_m

V Vented

) X Pre ssurant parameter s

Y Liquid node adjacent liquid-gas interface

o At beginning of problem (@ = O)

1 At beginning of computing interval A e

2 At end of computing interval A0

I, II, III Regions as shown in Figure _-8

t
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APPENDIX B

PROGRAM DECK ARRANGEMENT q'iDLISTING

The Program deck for Thermal Analyser Version C (including the FJuid
E

Storage and Pressurization Program) consists of a program library tape edit-

ing program. The decks selected from the library tape are peculiar to the

pressurization program. The most significant difference in the thermal

analyzer programs is a change in data storage allocation to 12000 storages.

(V_rsions A and B, without pressurization, have 16000 storage allocation.)

In addition, certain subroutines available in versions A and B (described in

Reference 2) are not avi]able in version Co In addltion, certain other

modifications have been made in various subroutines to account for pressuri-

_) zation. Therefore_ most deck names for Version C are different from the deck

names for versions. A and B. Version C deck names are four characters each

ending in 4. For the convenience of the user, _he function and print routines

retain the same deck names, FUNCT and PRINT.

As shown in Figure B-I the Function and Print subr< tines are inserted

between the two program deck cards:

SmmT s sml
$ NTRY

The input data deck is inserted between the next two program deck

cards:

SDATA

The order of the input data is:

1. CID^^ case identification (card is optional)

2. NET (Flag indicating pressurization input follows)

3. cards containing pressurization input data

B-1
kOOKHEED
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END LASTPARTOF PROGRAMDECK

TIME BLOCK (LAST IS NBK)

DATA BLOCKS (LAST IS NBK)
._,'_, .,' , ,,

DEC INITIAL CAPACrrORS (LAST IS NBK)

DEC INITIAL RESISTORS (LAST IS NBK)
,_,. _, ,":'"

DEC INITIAL TEMPERATURES(LAST IS NBK)
, , ,, ,_ .'., , _, ' _,

PRESSURIZATIONINPUT DATA

PRESSURIZATIONFLAG

CID CASE IDENTIFICATION {._) '_')

DATA

$ ENTRY MAN 4

$ IBFTCPRINT

$ IBFTCFUNCT

$ IEDIT SYSlN1

PROGRAMDECK - VERSION C

Figure B-I. FORTRAN Source Deck Setup for Fluid Storage 0ard Pressurization Program

B-2
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4. DECxx cards containing initial temperature numbers and values.

The NET c_ ,i_ followed immediately by the pressurization input data, may

appear anywher_ within the temperature block. For convenience it has been

shown first here.

5. NBK (Flag indicating end of block.)

6. DECxx Cards containing resistor numbers, node connection, and
resistor values.

7. NBK

8. DECxx Cards containing capacitor numbers and values.

9. _K

i0. DECAA N Cards containing data block numbers, data blocks, and

negative data block numbers.

ii. NBK

12. DECxx Print interval, final time, initial time

13. _BK

14. E_D_A Flag indicating end of cases.

15. Remainder of program deck

Table B-I is a complete listing of the source program cards. The program

decks can be set up for use with either the IBM7094 or 7094/7040direct-

coupled digital computer, as discussed in Reference 2.

]
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TABLE B-I PROGRAM LISTING [;

STnFT¢ E×ETTV REF £X£TVO01
SUBROUTT"!E EXETIV (_;LPG) EXLTVO02

--l["- .... KS-m,-r--6730'/6_ ...........
z ,J_ • r ,

COMMON P(14000),M( 15},_'AXT,I'IAXR,!IAXC,KSP,KST,_U_#7,,,_',G,,,STG,I,FAo LXLTVOIO
COM_'Orl NABL(!0),'IKSP,tHHF,NRI:F,_4READ,CC(12) EXETVO20

'Ctg_-,'T'_ _MT_'_A X_ 6_';,XS-6[_AX_ ............................ EX E_ v-O-'ZO--
,:-, ......, ,.X ,U . EXETO21

COYvO_! /CPIT"/ TTT*'C EXETOOb

1 TKTHK(SI,TKWALI,TKW#L2,I.4.,O_,KOUT,
2 FMCO, FMN 0, F;:OLC, V GAS, IOC, IPRESS, F;._OLN, F..;iN, F,.;AX, PM I,x
3 ¢"_/t)C,_'_Uf_X, TSAT, _ _b'T_U,TX _P1_,TA_;KV,
5 RAD I(4 ),HELB (14 ),LLFLOW,}IELT,HELP,,IELW

6 ,ISTRAT,S#REA,IOPTS×IS),F_ULTF;5;,STRINPIZ3)
7" ,GSOLU {2[,I'TOV_LI-21,DL[3 ,_:LSURF,IL'_ ...........
EQUIVALENCE (FMULTF(_ ], FLT] , {F':ULTF( 2 ) ,FLI.L )
COMMON /CONTR/ TL IO, SCL IQ, TGAS ,SCCAS ,SCAL& ,TLSt.IAX,SCI/_T, TSGAS _

IC OMIJN (5-I,D_CC ,TL_ AX, TAiL, _4L'0, GAV ITY, FKG, FI<E,ZC, PU_,C, TJ_L C ;F;IR,
2 ZX, CPX, TLA,GAMMA, RIIOL,RIIOG,CPL,CPG,I_LA;;,,',CIwT,PI; ,F,',C,Fi',o_,&

COMMON/CHP/SMCV, SMCA, SMNV, SM_ A, SD' :C C, S;4L AS, S.4LU S ,SUI'IEX, _IEL _,b, GULb,
Y ........ A_GOLViFMG, F_, TS, DE LTS, DELVS, FI.;GAS............

COMMON /CP_LT/NPLT,NE'ID,KSK I P
COMMON IEXFLGINTFLG,N5AV,NFLG his 006

........ t_-pMON'IEXPUT2-NCiL_C-_ ............
C THE FOLLOWING TABLES HAVE BEEN PACKED INTO THE EN_ OF THE P

C REGION, THEY REACH DOWN TO P(12026), _*_W_WW_R_W_*
15"IMENS'ION-VS|2_I,-_C.A(5001,NU_TAB(IOO),NEX_(125),NSEXII25),t4_.,(_2_} ..........
DIMENSION LNOI2501,NLNNS(125),NGNNS(1251
EQUIVALENCE (P(19251),VSI,(P(135011,FLAI

1_T_T_[-2-5f51_,NUM_K_-_I--_7-_-T_I_6T_1;N_-E-XW)_112_5_,N_;TP_-_(_12-_-8-?%_,M_i}

CEOUIVALENCElPII2276},LNOl,lPlI2151)_NLNNSl,lPlI202_l,NGNN$)

MAXMUM=I4000 ................................. EXETO07 .... )
ITIMO'-= I EXETOO89
NEND=O
NPLT=I
ERROR;O_ ................ EXEf 025
NTYPE=O £XET 025
NTFLG=O EXET 026

5 IR=NLAG EXETVO_O
8 CALL COMPILIIRI EXETV060

NLAG=IR EXETV070
IF (ERROR,EQ.O,,AND,NE-ND,E-Q,O) CALL ExC'UTINLAG| ...... EXET072
IF (ERROR,NE,O,| WRITE (6,100) EXET07#

100 FORMAT(_HOERROR HAS OCCURRED SOMEWHERE IN ABOVE CASE,) EXET07_
IF (LMMF.-G_2T--CAi'["MFOUT .......................................... EXET077 .....
IF (NPLT,GT, II NBIT=I EXET0771

IF (NEND,GT,O) RETURN E_ETO77'2--
IF (ERROR,GT,I,) ERROR=O° EXET0773

RETURN EXET079
END EXET099

0
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$IBFTC INSIDE 1911001
SUBROUTINE INSIDE 1911002

C A5 OF 6/30/65

COMMON P(1400O}
COMMON /CPNETINTYPEtTKRAD_TKLENgTEHPZ,NRADtNCIRtNSECTtNTNK,

----_I'- TKT'RITT'5"TTT K_'A'E£_TK'I_ T;I RROD";KOTJ'F;.........

2 FKCOtFMNO,FMOLCgVGAS_IGC_IPRESSgFMOLN,FM!N,FMAXtPMIN9
3 PMAX,FMOLX_TSAToANGLEgTX,PR_TANKVt

KADI[4"_HELU(14I_LLFLOT4tHELItHhLPtH_LW
6 ,ISTR_T,SAREAgIOPTSX(5),FMULTF(5)tSTRINP(20)
7 _GSOLD (2),TTOPBL(2}gDLIQ ,NLSURFtICALL

EQU'IVALL_L_--'F_'IT_-'FETT;-TF'I_'TFI'2F;PLKL!
DIMENSION VS(250)tDUMMY(500)

1 _NUMTAB(IOO}_NEXW(125},NSEX(125},MM{125}
DIMENS_]_'L-NorJ'50},NLNNSIZ25},'R"_RN'S'TIZr5 "]
EQUIVALENCE (P(13251}_VS)_{P{1350]),DUMMY)

It{P(12526)_NUMTAB)t{P(12626),NEXW)t{P{12751},NSEX)_{P(12876}_MH}
_QOIVAL_NCE(PTi22[b)tLNO),(P[1Z151}_NLNNS|_(P(1ZOZ6),N_NNS}
REAL LEN 1911007
PI = 3,141_9265 19110C4
V=O, INSD
FLA=O, INSD
CALL SREAD 1911005
IN-O_---1-R_oD
REWIND 9

REWIND 10
C TANKV = VOLUME OF TANK

VOLX=PI_TKRAD_*2 INSDO07

IF (NTYPE,EQ,2) TANKV=I,33333_VOLX_TKRAD INSDO071) IF'{NTYPE.EQ,I) TANKV=VbLX_(1.33333_TK'I_AD+TKLEN} INSDO072
--- ITIM= 1 1911008

SUM =0,0 1911009
DO 10 I=I_NTNK 1911010
SUM =SUM+ TKTHK(I} 1911011

10 CONTINUE 1911012
FNRAD =NRAD 1911013 '
FNCIR =NCIR 1911014
FNSECT= NSECT 1911015
KEYNOD= ml 1911016

C IF CYLINDER NTYPE=I ,IF SPHERE NTYPE=2 1911017
PI2 = 3,1_159265_2,0 1911018
NRES =0 1911019

C COMPUTE RADIAL RESISTORS FOR HEHISPHEPE 1911021

15 _K = HRADI_ _911Q22
M = 0 1911023
K1 = (NCIR+NTNK +i} 191102_

JJ = NRAD 1911025.
J1 = NCIR + NTNK +1 1911026
II = NCIR +NTNK 1911027

_Q }0 KI= 1,KK 1911Q2_
K = KI-I 1911029
DO 40 JI= l_JJ 1911030
J=JI -i 1911031,m,

DO 30 I= l,II_l 1911032
M = M+l 1911033

NODE = M-1 _.INODE 191103_
29 NRES =NRES+I 1911056

NODE1= NODE+I 1911057 '
WRITE(10,8002) NRES_NODE_NODEI_FLA 1911058

.... 8002 FORHAT(SHDEC01_'_I'5'_E10,3,50X} INSD059
30 CONTINUE 1911060

_OOKH_D B'5
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M = M+I 1911061

40 ,CONTINUE 1911062
5D CONIINU_ 1911063

M = 0 1911064
II =II+l 1911065

DO 80 KI =I,KK 1911066 i
K = KI-I 1911067 ,
DO 70 Jl =l,JJ 1911068
J = dl-i 1911069
DO ,60 I =l,II 1911070
M = N + 1 1911071

NUDh = M +INODE - i 191107Z
NODE1 = NODE +NCIR +NTNK+ I, 1911073
IF(JI.ECoJJ) NODE1 = NODE-(NRAD-II*(NCIR+NTNK+I) 1911074
IF(I,LE,NCIR+I} GO TO 59 INSD075
IF(I,NE°II) 60 TO 60 INSD085

59 NRE5 = NRE5 + I 1911089
WRIISIIU_DO2J NRt_tNODhtNOUhl_LA 1911090

60 CONTINUE 1911091

70 CONTINUE 1911092
80 CONTINUE 1911093

M = 0 1911094

KK =KK-I 1911095
IF {KK*JJ*II,EQ,O) GO TO 115

DO llO KI=I,KK 1911096

K = KI-l 1911097
DO I00 JI=l,JJ 1911098
J = JI-I 1911099
DO 90 I=l,II 19111DO

M:_+I . t2
NODE = M-I+INODE 1911101
NODE1: NODE +(NRAD}*(NCIR +,NTNK + I) 1911102

IF(I,LE,NCIR+I) GO TO 89 INSDIO3
IF(I,NE,II} GO TO 90 INSDI12

89 NRES : NRES + I 1911116
WRITE(IO,8002} NRES,NODE,NODEI,FLA 19111i?

90 CONTINUE 1911118

lO0 CONTINUE 1911119 .
110 CONTINUE 1911120

C CALCULATE CONDENSOR BLOCK LIST FOR SPHERE 1911121
115 CONTINUE

M :0 1911122

KK : NRADI4 1911123
JJ : NRAD 1911124
IT = NCIR + NTNK + 1 1911125
DO 140 KI: I,KK 1911126

K =KI-I , 1.911127
CON :-SIN(FLOAT(K)*PI2/FNRAD) +SIN(FLOAT(K+I)*PI2/FNRAD) 1911128
D_ 13.0 JI: l,JJ 1911129
J = JI-1 19111291

DO 120 I :l,II 191.1130
M = M+I 1911131

NODE = M -I +INODE .... _911132
119 WRITE(9,80O3} NODE,V 19111_7
8003 FORMAT(SHDECOI,IS,EIO,3,6OX) INSD148
120 CONTINUE 1911149

130 CONTINUE 1911150
140 CONTINUE 1911151

C TEST KEYNOD_ I_II15_
C 1911153
C 1911154

O
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C 1911155
IF( KEYNOD,EQ.-I)3C TO 200 1911156
JJ : NRAD 1911157
II = NCIR +NTNK + 1 1911158
M =0 1911159

C CALLULAIE CONN_C[IN_ REblStOR5 "S"Pl_E'R'E"YO '_PHhRE AND _PHENE I0 1911160
C CYLINDER 1911161

DO 170 JI :l,JJ Igl]162
J= JI-i 1911163
DO 160 1 :I,II 1911104
M= M+I 1911165
NODE : Mil +"KEYNOD 1911166

NODE1 : M-I +INODE 1911168
IF'I.LE.NCIR+I) GO TO 149 INSDI69
IF(I,NE.II) GO'TO 160 INS,DIIr__

149 NRES:NRES+I INSDI83
WRITE(IO,8002) NRES,NODE.NODE1,FLA 1911184

160 CONIINUE 1911185

170 CONTINUE 1911186
190 NEND =-1 1911187

WRIIE(9,B002) NEND 1911188
WRITE(IO,8002) NEND 1911189
END FILE 9 1911190
END FILE 10 1911191
REWIND 9 INSD1911
REWIND I0 INSDI�II
RETURN 1911192

200 IF(NTYPE.EQ.1) GO TO 201 1911193
KEYNOD = INODE 1911194

{ INODE = (NCIR + NTNK+I)*NRAD**2/4 +INODE" 1911195
GO TO 15 1911196

201 KEYNOD = INODE 1911197
INODE : (NCIR + NTNK+I)*NRAD*_2'/4"%"'"I_4ODE 1911198

C CALCULATE RESISTORS AND CONDENSORS.OF CYLINDER BODY 1911199
M = 0 1911200
II : N_'IR +NTNK 1911201
JJ : NRAD 1911202
KK = NSECT 1911203
DO 230 KI =I,KK 1911204
K = KI-I 1911205
DO 220 JI =l,JJ 1911206
J m JI-1 1911207
DO 210 I =l,II 1911208

M = M +_. , 1911209
NODE = M-I +INODE 1911210
NODE1= NODE +1 1911211

209 NRES = NRES + 1 1911233
WRITE(IO,8002) 'NRES,NOD'Le';-,NO"6"D'[1,FLA 1911234

210 CONTINUE 1911235
M = M+I 1911236

220 CONTINUE 1911237
230 CONTINUE 1911238

II =II+l 1911239
M = 0 1911240
DO 270 KI =I,KK 1911241
K • KI-I 1911242
DO 260 JI =l,JJ "1911243
J • JI-1 1911244
DO 250 I -l,II 1911245
M • M+I .................. I_IZ2-6"6--
NODE - M-1 +INODE 1911247
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NODE1= NODE +NCIR +NTNK + 1 ]911248
249 IF(JI.EQ.JJ) NODE1 = NODE1 -NRADWIN_IR + NTNK+I) 1911264

NREb =NRE5 +I 1911265
WRITE(IO,8002) NRES,NODE,NODEI,FLA 1911266

250 CONTINUE 1911267

260 CONTINUE 1911268
270 CONTINUE 1911269

KK = KK-I 1911270
LEN =TKLEN /FN5ECI 1911271
14 =0 1911272
IF (KK*JJ_IIoEQ,O) GO TO 305

_0 }UU El =£_KR 1911Z7}
K = KI-I 1911274
DO 290 JI =l,JJ 1911275

J=Jl-I 1911Z76
DO 280 1 =i,II 1911277
H=H+l

NOD£= M-I +INODE 1911278
NODE1 : NODE +(NRAD )*(NCIR+NTNK+I) 1911279
IF(I.LE.NCIR+I) GO TO 279 INSD280

IF(I.N£,II) GO TO 280 INSD287
279 NRE5 = NRE5 +i 1911291
, WRITE(IO,8002} NRES,NODE,NODE1,FLA 1911292

280 CONTINUE 1911293
290 CONTINUE 1911294

300 CONTINUE 1911295
CALCULATE CONDENSOR5 FOR CYLINDER 1911296

305 CONTINUE

KK :KK+I 1911297 ""
hl = 0 1911298 _ >
DO 330 KI=I,KK 1911299

K = KI-I 1911300
DO 320 Jl=l,JJ 1911301

J = Jl-1 1911302
DO 310 1 =i,II 1911303

M =M+l 1911304
NODE = M -i +INODE 1911305

309 WRITE( 9,80031 NODE,V 1911319
310 CONTINUE 1911320
320 CONTINUE "1911321

330 CONTINUE 1911322
II = NCIR + NTNK +1 1911323
Jd = NRAD 1911324

M = 0 1911325
DO 350 JI =l,JJ 1911326
J = JI-1 1911327
DO 340 I =l,I| 1911328
M : M+I 1911329
NODE = M-1 +KEYNOD 1911330
NODE1 = M-1 +!_ODE 1911331
IF(I,LE-NCIR+I} GO TO 349 "INSD332
IF|I,NE,II) GO TO 340 INSD340

349 NRES=NRE5+I INSD344
WRITE(IO,8002} NRES JNODEo NODE!,FLA 1911345

340 CONTINUE 1911346
350 CONTINUE 19113_7

KEYNOD- INODE +(NCIR+NTNK+I)#NRAD-_'(NSECT-1) 1_11348"
INODE - INODE +(NCIR+NTNK+I}_NRAD _NSECT 1911349'
GO TO 15 1911350
END 1911352

0
i
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TABLSB-i CCO T: USD)3 -
; r F ^"> ...... 2266000

S'-InPOLITINE SmEAD 2266001
C AS OF 6/3c_/65 ........ 2266002
C I _ KOUT=I --SO_E tLIXILIARY PRI','.T 2266003
C IF I"OUT=# --ALL /_UXILIARY P_I,"IT 2266004

__ . CO"'_C"' P []._-0f-QJ__ 2266005
C O,_:,qON/CPNET/_'TYOE, TKRAD, T-KII]EN; TT-_P Z ,NRAD, NC IR, .NSECT ,NTNK, 2266006
't TKTHK(5I,TK'.!ALI,TKWAL2,1',NOD,KCUT, 2266001

PpA_.__ 2 ._F!4C0.tEMPI _Q,Er'_OL_C_*VC,;, S * I_O_ * I PR FS S * F ',v,- M * FH I N, F:,IA X * PMI ,"_.*___ 2266006
.3 PMAX,FMOLX, TSAT,ANCLE, TX,PR, T&._IKV, 2266009
5 RADI(4),HELB(14) ,LLFLOb.',HELT,HEL °,NELW 2266010

..... _8......... ,3S T.RAT ,=_RE&tIQP TSX ( 5 ) ,FHULTF ( 5 Ia S_T_RIN.P( 20J .... 2266011
7 *GSOLD (2) ,TTOOPL(2) -DLI') ,.qL5'Jr:r-,ICALL 2266012

EQUIVALENCE (FMULTF( 1), FLT ), ( F_,ULTF (2) ,FLKL ) 2266013
___ _ _.__D/_L_T_LLQ_i__V._5o_).a_EL__(5OD.]aeZV)__T_,_(i_ Q_1_,.qEx/::(:L25_L_IS_E_25 ), _iL125 )2266014

DIMENSION LNO(25C),NLNNS(175),NGNNS(125} 2266015
EQUIVALENCE (P(13251)*VS)*(F(13501),FLA) 2266010

l_t( P ( 12_5.2_(_1_NUMTA_JIIa__(PJ 12_62_6_)a_EX<,';J.,_IPL12.J_lI., NSEX }, (P( 126_7_6_L_C4.4}.. _2(_b017_ __
EQL'IVALENCE(P(12276),LNO),(P(12151},NLNNS),(P(12026),NGNN3) 2266016
EQUIVALEr"CE (IOPTSX(I},IRSTRT),(IOPTSX(2),IPTLIQ), 2266019

__ -.... ] __liO_PZ _Z (3_.tJ._L_IAP/_,_(.ICPTsxl 9J__'._TIv_F__l.......... 2.266020_
2 , (IOPTSX(5) ,KUT } 2266021

C MTIt'_E : NACHINE TI,VE FOR THIS SEG'4ENT {H_NUTES} IF RUN IN SEGHENTS2266022
_.._C.... K;'T ....= .llr'_jE(INS[COND_$_I__A.T_,'/HICH CJRRENT SC3HEN/__IS TO. _.E CJ._T..... 22_60-"3.__

READ(5,10) NTYPE ,NRAD,NCI R,NSECT,NTNK, ISHOD, ICC _ IPRESS, KOLT 2266024
i , (IOPTSX( I} ,I:l ,4) ,KUTI _,KUT2,KUT3 2266025

_K_UT__........_=_../O0_QO_O_.I_U.T1+._I_O0O_KL'!2 + KUT_ ....... 2;_66026
IF (NTYPE,,LT,I,.')R.NTYPE.GT,2} 30 TO 101 226602?
IF (NRAD.LE'.O,OR.VOD(NRAD,4),NE,O} GO TO 102 2266028

.... IF___(NCIR .LT.]) __ GO _TO 103 ............. 2266029
._. IF INSECT ,LT.I) GO TO 194 2266030

) IF (NTNK ,LT,O.OR,NTNK.GT,5) GO TO 105 2266031
_° IF (IGC .LT. 1.OR.IGC ,G_.To_2} CO TO _106 ........ 22(_6032

IF (IRRESS,LT, I.OR°ImRESS.GT°2) GO TO 107 2266033
READ(5,20) TKRAD, TKLEr,', TEY.PZ, TKdAL 1, TKWAL2 2266034
READ (5,20| (TKTI!K(I),.I:I,5) __ 2266035
READ (5. 2q) P_,VGAS,TS,'_T,Ft,;OLC,F'!OL",',F'42LX*TX 2266036
r:'FAD (5* 20} FPIN,F:_'t\X,PI'IN,m_'AX 2266037

__ READ (5 _,2.q) (RADI (I ) ,I-1,,'t) .... 22____0__8
READ(5,20) {HEL_(1),I=I,7) 226603";
READ(5,20) "TLR(9) , (STPINm( I ), I=1, 5 ) 2266040

',qPIT_ (6,601) .... 2_6.60.41_
1 N TYPE, NPAD ,.'CIR *NS ECT, _!TNK, I"It._C7*IG'.",!PEESS, 2266042.
2 TKRAD* TKt.EN, TE'_.r'z,1KW",LI, TKWAL2, {TKT!I.'.{") ,I= 1,5 ), 2266043
3 PR,VGAS* TSAT _ F_4OLC ,Ft'OL.N, FY.OLX, TX, 2266044
4 F'41N,FH,'_X, Pt_.I.q,P",'_X,(PAD I(I )_,I= I, 4 }, 2266045
5 (HELl?( I ), I--I,8} ,,(STRINP( I}, I--1,5 ) 2266046
HFLE(5) : HEL_.(.51+450, 2266047
HEL.T : HE'LR(51 2266048
HELP = qELr_('t) 2266049
HELP,(ll) : HFLT 2266050

601 FORMAT(29HOPPESSURIZATION PP")GRAt: I:;OUT // 2266051
I ROH NTYPE NRAD F',CIR .',,'SECT hTNK INODE IG2266052
2C IPRESS IIH ,I3,7110/ 5OHOTKRAD TKLCN TENPZ __T2266053

.... 3KWAL I- --TKWAL 2 /XFT.3,4FIO°3/23HOINSULATION THICKNFSSES/ 2266054
4 XFT,3,_F10,3/* 2266055
5 70HO PR V GAS T SAT MOL C :IOL t: HOL X 2266056

-- - 6T X /XFT,-3,6F1O,3/35HOF MIN F,;¢AX P M-IN P MAX 2266057
71XFT,3*3F!O,3/, 2266058

40HORADI F RADI S RADI rl RADI E2 ___6(_59 _-

9 /X FT,3,Ell,3*2F10,3/ 2266060

)
I.OCKH|I_ B-9
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TAB B-l (conTenD) 4,
A_gHOP°ESSURAHT qOTTLE AhD STRATIFICATICN INFORMATIOf:/XF7.1,6FIO,3/2266061
B XFT. 3,4F10.3,F 7.011HI) 2266062
TSAT = TSAT ¨`�l�2266063
TEMPZ _ TE_PZ+460, 2266064

TX = TX+460. 2266065
FHULTF(1) = 1.9_65 2266066
F'_ULTF(2) = _,0 226606?
I_'_'OD = 1 2266068

IST_T = 0 2266069
IF (STRIt.!P(5}.NE,O.9) IST_AT = 1 2266070
IF (STRIt_O(5)._T,I_5,) GO TO fOe 2266071

LLFLOW = 0 2266072
uTItPF = _TI ''_ _&O 22660?3
qETUgrC 2266074

10 F_R_'AT(2413} ....... 22660?5
20 rO_'_^.TffFlO,rl 2266076
]01 WRITE (6,2_]) NTYP£ 2266077

G_ Th 2C0 2266078
I02 WRITE (5,2021 _RAD 2266079

GO TO 200 2266080
!03 WRITE (6,20_) NCIR 2266081

GO TO 2_0 2266082

I0_ WRITE (6,2_4) P'SFCT 2266083

_0 T_ 200 2266084
!C ¢ "!qITE (S,2_5) HTNK 2266085

_e TO _m 22660_6
]06 WRITE [6,2_6) IGC 2266087

GO "_ 2 m^ 2266088
I_7 .;PITF (6,207_ IPn_SS 2266089

G9 -0 200 2266090
1OR _/RITg (&,_O _) ST_I_!P_5) 2266091

¢_ T_ 2_ 2266092
20C !.'RI-E (_,300_ 2266093 (. }

CALL _YIT 226600_
O_T':_, 2266095

_?I F?R"AT (IO}!!tSTYFE OF,IS) 2266096

202 FO _''t_ (IOH!_'_ ^_ OF,15} 2266097
203 FO_'AT (13M1"£I _ O=,I = ] 2266098
20_ FOP"AT CIC_iI_!SECT OF,15) 2266099

_ _n_"_T :It'_]....._ _r,15) 2266100
2q_ =_"_.T (l_'qI_C _F,I?) 2266101
207 FOR"AT [10_IP_r_$ o",r_) 2266102 -

208 r_q"ATC IOH! r',L_ OFtF6.9} 2266103
3C9 _OR_AT (4_M _S ILLiCit. !_:mUT _R_ m, _Cr: _LETE_. 2266104

F'ID 2266105

0
I.,OCWNIIO B-IO
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TABLE B-I (CONTINUED)

$1BFTC TANKA
SUBROUTINE TANKA(N)

C A_ OF 613U165
COMMON P(14000),_¢(16)
COMi4ON /CPNET/NTYPEgTKRAD_TKLENtIEMPZ,NRAD,NCIRtNSECT,NTNK,

£ IKIflKibJglKWALI_IKWALZ,INNOD,KOUI,
2 FHC09FMN0tFFtOLC_VGASIIGC,IPRESS_FMOLN,FMIN,FHAXgPMIN9

PMAX_FFIOLX,TSAT_ANGLEgTX_PR,TANKV,
_AUII_/tM_L_LL_;tLLPLUW_N_LI,HLL_HLLW

6 _ISTRATPSAREA,IOPTSX(5),FMULTF(5),STRINP(20)
7 _GSOLD (2),TTOPBL(2I,DLIQ ,NLSURF,ICALL

L_U4VALL_ I_MuLTP(I)9 PLI;_tPMULIPtZI,PL_L;
COMMON /EXFLG/NTFLG,NSAV,NFLG TANK009
DIMENSION VS(250),FLA(500),NUHTAB(1CO},NEXW(125],NSEX(125},HH(125)

l_(P(12526),NUMTAB)_(P(12626),NEXW),(Pf12751),NSEX),(P(12876),HM)
REAL M
IF (NTFL6=EQ,1) RETURN
NI=LOC(N)
DO 10 I=1,100
NZ=.NI+I
IF (P(N2),EQ,O,) GO TO II

NUMTAB(1)=P(N2)
10 CONTINJE
11 IF (NTFLG,EQ.O°AND.NTYPE.NE.O} CALL RCCPT

NTFLG=I
RETURN
END

LO@KMEEO B-II
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TABLEB-z (CO T UED1

$IBFTC BIVL BIVLO00
FUNCTION BIV (XV,XH,KtERR } 8IV6001 -

C A5 OF 06/12165 BIV6002
COMMON P(I_OOO),M{16) BIVLO03

COMMON /CP21ERROR BIV6004
DIMENSION KPII) BIV6005
EQUIVALENCE (P(1),'P(1)) 81V6006

REAL M BIV6006
L=LOC{K}+I E_V6007

KFLL=0 BIV6008
KOD=32765. BIV6009
IF {KOD,FQ,KP(L}} KOD=KP(L+I) _IV6010
IF {KOD,NE,32765) L=L+2 BIV6011
LV = P(L)/IO00,+,I BIV6012
LH = AMOD{P(L;',IO00°I X�„�BIV60]'_
IF {P(L+I),GT,P(L+2}) GO TO 20 BIV6014
IF (XH,LT,P{L+I)) GO TO 50 BIV6015 "

.... DO 15 J=Z,L_ BI9&316 }
LI=L+J-1 BIV601? I

IF(P(LI),GT,P(LI+I)} GO TO 50 BIV6018
IF {XH,LE,P(LI Œ�¤TO 30 BIV6019

15 COr;TINUE BIV6020
50 ERROR=2, BIV6021

WRIIE [6;§0} K_XV_X_ BIV60_2
RETURN BIV6023 '

20 IF (XH,GT,P{L GO TO 50 BIV6024
DO 25 J_Z,LH BIV6029
LI=L+J-1 BIV6026
IF (P(L1}°LT,PCLI+I}) GO TO 50 BIV6027

25 CONTINUE BIV6029
GO TO 50 81V6030

.... 30 L2=L+LH+I BIV6031
L3=L2+LH+I 8IV6032
IF {P(L2),GT, P(L3)} GO TO _0 BlV6033
IF (XV,LT°P(L_)} 60"I"0 50 BIV603_

DO 35 I=I,LV eIV6035
L2 = L+I*(LH+I) @IVY03§
L3= L2+CH+I 81V6037
IF (P(L2).GT,P(L3)) GO TO 50 BIV6038
IF (XV.LE.P{L3)) GO. TO 60 BIV6039

35 COtCTINUE BIV6040
GO TO 50 81v6041

40 _...LE_ {XV,_T,P{L2)] GO TO 50 ............ BIV6042
DO 45 I=I,LV BIV6043
L2= L+Ii(LH+I) BIV6044

_._=J,._,.+LH+I 81V6045
.... IF-{P([2 ,_;P(L3--_'i'i GO TO 50 - elY6046

IF _XV,GE,P(L3)) GO TO 60 BIV604?
45 CONTINUE, ..... 8IV6048

CO TO _O BIV6049
60 JI=L2+L1-L BIV6050

d2=dl+l BIV6051
J3=L3+L1-L BIV6052
J4-J3+Z BIV6053
IF {KOD,EQ,32765,0R°KOD.EO,O} GO TO 80 .... BIV6054

61 KFLG=O" BIV6055
IF {P(J1)°EQ.O.)KFLG'KFLG+I BIV6056

IF (P{J2},EQ,O, IKFLG'KFLG+2 BIV6057
IF (P{J3).EQ.O.|KFLG'KFLG+4 BIV605$
IF {P(J4I.EQ.O.}KFLG=KFLG+8 BIV_059

-,

B-12
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TABLE B-I (CONTINUED)

IF (KFLG.EQ,0) GO TO 7C BIV6O60
KFLL=KFLG BIV6061

-i uu Iu IbZgb_tbbtbZ_bZ_U_bZgb_9_gb4_4,OU_6Ztb_t_U},_PLb _]VbO6Z
62 Jl=Jl_l BIV6063

J2=J2+l BIV6064
J_'=J_+l _IV6C6_
J4=J4_l BIV606_
LI=LI+I BIV6_
bO IO 61 BIV6_IS_ '

64 Jl=Jl-1 BIV606o

J2=J2-1 BIV6070
J_=J_-I BIV6071
J4=J4-1 BIVS072
Ll=Ll-1 BIV6073
_0 IO 61 _IV6074

66 JI=JI+LH+I BIV60?5
J2=J2+LH+I BIV6076
J}=J3+LH+I E!V6077
Jk=J4+LH+I BIV6078
L3=L3+LH+I BIV60?9
GO TO 61 BIV608O

6B JI=JI-(LH+I) BIV6081
J2=J2-(LH+I) BIV6082
J3=JS-ILH+I) BIV6083
J4=J4-(LH+I) BIV6084
L3=L3-(LH+I) BIV6085
GO TO 61 BIV6086

70 ZI=ABS(P(J1))+(ABS(P(J2))-ABS(P(J1)))/(P(LI+I)-P(L1)) BIV608?
1 *(XH-P(L1 )) BIV6OSB

.) ...... Z2=ABS(PIJS))+I'ABSIPIJ4ll-ABS(PIJ3)i}/I'PlLI+I)-PICI)) BIV6089
1 _(XH-PILI )) BIV6090

75 _N=L3-LH-1 BIV6091
BIV= ZI+IZ2-ZI)I(PILS)-P(L/)) *IXV-P(L4)) BIV6092_

IF (KOD,EQ,O,OR, KOD.EQ,32765) GO TO 79 BIV6093
IF (TIHE,EQ,M(1)) GO TO 76 RIV6Oq31
IF {TIMEI,EQ,M(II)} GO TO 79 BIV69932
TIME=M(1) BIV60933

76 IF (TIMEI,NE,_(I1)) WRITE (6,92} EIV60934
YIMEI-M(II) 91v60935
WRITE (6,93) K,KOD,XH,XV,BIV BIV60936

IF (KFLLeNE*0) WRITE 16t91) K,KOD ,XV,XH,BIV BIV60937
?9 RETURN EIV6_Q_
80 Zl= (P{JI))+( (PlJ2))- (P(J1)))t(P(LI+I)-P[L1)) BIV6095

1 _(XH-PIL1 )) BIV6096
_2=_'(P{J3))+( (PlJ4))- (PIJS)tI/{P(LI+I)_PIL1)) BIV6097

1 *(XH-P(L1 )) BIV6098

"§0 TO 75 BIy_nJ_O.2.9_
90 FORMAT (24HOOFF BIVARIATE CURVE NO, I5,16H, VERTICAL I,V,=EI2,4, BIV6100

1 18H* HORIZONTAL I,V,'E12,4,1H,) BIV6101
91 FORMAT (29HOEXTRAPOLATION USED FOR CURVE 15. 7H_ FLAG=I3_ BIV6102

1 l'6H,' VERTICAL I,V.=E12.4_lSH, HORIZONTAE-I,V,=E12.4, BlV6103
2 I1H* DEP.VAR.=E12.4} BIV6104

92 FORMAT (4?HODERIVED VALUES USED IN THE FOLLOWING CURVES*.. ) BIV6106
9_ FORMAT t"2OH BIVARIATE CURVE NO. I6,'_-'-'_6--;-T6T BIV610_"

1 1lit XIMOR) " E12,4_lZH X(VERT) = E12.4*12H Y VALUE "E12,4) BIV610R

END B!v6199 .

B-13
t.O@KNllO
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TAB_ _-i (CONTINUED) "_

$IBFTC RCCP
SUBROUTINE RCCPT RCC 002
Ab U_ 61_u/65
COMMON P(14OOOI,MT(16),HAXT,HAXRtHAA_ RCC 003
COMMON /CPNET/NTYPE,TKRAD,TKLEN,TENPZ,NRAD,NCIR_NSECToNTNK,

1 T_TM_L_I,I_ALI,I_ALg,I_NOU,_UUI,

2 FMCO,FMNO,F_!OLC,VGAS,IGC,IPRESS,FMOLN,Ft_IN,FMAX,PMIN,
3 PMAX,FMOLXtTSAT_ANGLE,TX,PR,TANKV,

RAUIt_I,MtLUII_)tLLrLU_,MtLI,HtL_,HLLW

6 ,ISTRAT,SAREA,IOPTSX(SI,FMULTF(5),STRINP(20)
7 tGSOLD (2),TTOPBL(2),DLIQ ,NLSURF,ICALL

" t_UIV_L_NCt _PMULIP(Z), rLII,tPJ_ULIPIZJtrL_LI

DIMENSION VS(250),DU_MY(500)
1 ,NUMTAB(100),NEXW(125]tNSEX(125),MM(125|

UIM_N31UN LNOIZbU}_NLNNbI1ZSI,NB_N311ZS|

EQUIVALENCE (P(13251),VS)_(P(13501)_DUMMY)
I,(P(12526)_NUMTAB),(P(12626}.NEXW}_(P(12751),NSEX)_(P(12876)_MH)

t_UIVAL_NL_IIZZIbI_LNU_IHIIZI_I)tNLP_N_; _IHtIZUZbI_NbNNb)
REAL LEN,MT,LIN RCC O07
INODE=INNOD
INSCVS = _1

C INSCVS = WHERE INSULATION CURVES START

REWIND 9
REWIND IO
Pl = _.14159265 RCC 004
SUM =0,0 RCC 009
ITIM= 1 RCC 008
TEMP = TEMPZ-_60. RCC 008
FRHO = LIN[ TE_P,NUMTAB(14}, RCC 0081 _"
FCP = LIN( TEMP,NUMTAB(16)} RCC 0081 _

FK = LIN( TEMP,NUMTA_(3)} RCC 008_
FKW :LIN(TEMP,NU_TAB(181) RCC 0081
FCPW =LINITE_P,NUMTAB(191_ RCC 0081
FRHOW:LIN(TE_"P,_!UMTAB(20}) RCC 0081
IF (NTNK.EQ,O) GO TO 12
FKI =LIN(TEHP_NUHTAB(INSCVS))
FCPI =LIN(TEMP,NUMTAB(INSCVS+I))

FRHOI=LIN(TEMP,NUMTAB(INSCV_+2)) ]
DO I0 I=I,NTNK RCC 010 !
SUM =SUM+ TKTHK(I} RCC Oll !

10 CONTINUE R_C Q12 i
12 FNRAD =NRAD RCC 013 i

FNEIR =NCIP RCC 01_
i

FNSECT = NSECT RCC 015
KEYNOO= -1 RCC 016

C IF CYLINDER NTYPE:I ,IF SPHERE NTYPE=2 RCC 017

,PI2= 3.14159_65-2,0 RCC QI_
NRES =0 RCC 019

C COMPUTE RADIAL RESISTORS FOR HEMISPHERE RCC 021
_ KK = _RA_ RCC D22

M = 0 RCC 023
K1 = (NCIR+NTNK +11 RCC 02_

JJ = NRAD _qC 025
J1 = NCIR + NTNK +1 RCC 026

IT = NCIR +NTNK RCC 027

DO 50, KI = I_KK RCC g_
K = KI-I RCC 029
DO _0 JI- l,JJ RCC 030

--__ J=JI -1 _CC 03_
DO 30 I= 1,II,1 RCC 012
M = M+I RCC 03_

0

I.Or, KHIlID B-14
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NODE = H-I +INODE RCC 034
IF(I- NCIR) 23,25,27 RCC 035

23 AREA : PI2/FNRAD * TKRAD**2/FNCIR*5-Q_s{FLOAI{I**Z)-.ZS)*{__--'-C-"_"_'_
1FLOAT(K+I}* PI2 /FNRAD ) - SIN(FLOAT(K}*PI2/FNRAD) ) RCC 05;
LEN = TKRAD/SQRT(FNCIR)*(_CRT(FLOAT(1)+.5}-SGRT(FLOAT(1)-.5}} RCC 033
FLA = LEN/AREAW3600.
WRITE (g} FLA
FLA : FLA/FK

GO TO 29 RCC 0_0
25 AREA = PI2/FNRAD* TKRAD*_2/SQRT(FNCIR) _ SQRT(FLOAT(1)-.5)_( $I_( RCC 0_i

1PI2_FLOAT(K+I)/FNRAD)-SIN(FLOAT(K)*PI2/FNRAD) ) RCC G42
LEN =TKRAD/(g_(SCRI(FNCIR}-SQRT(FLOAT{I)-.5}) RCC '0'4_
FLA = LEN/AREA_3600.

WRITE (9) FLA
FLA = FL_/FK

GO TO 29 RCC 045

27 IT = I -NCIR-I RCC 046
ST = 0.0 RCC 047

IF(IT.EQ.O) GO TO 2711 RCC
DO 271 NN=I,IT RCC 048
ST = ST +TK_PK(NN) RCC 049

271 CONTINUE RCC 050
2711 IT = IT +I RCC 051

AREA =PIZ*{TKRAD +hi +._*IKTHKIII'}']**Z_{51N{ FLOAlIK+IJ_PI2fF;_I_A_}_CC O_Z
1 - SIN( FLOAT(K)_PI2/FNRAD) ) RCC 053
LEN = TKTHK(IT) RCC 054
FLA =LEN / AREA*3600.
WRITE (9) FLA
FLA = FLA/FKI

) 29 NRES =NRES+'I RCC 056
N_DEI= NODE+I RCC 057
JR=NRES+2*_AXT RCC 058
P(JR)=FLA

30 CONTINUE RCC 060

M= M+l RCC 061
40 CONTINUE RCC 062
50 CONTINUE RCC 063

M = 0 RCC 064
II =II+l RCC 065

DO 80 KI =I,KK RCC 066
K = KI-I RCC 067
DO 70 JI =l,JJ RCC 068
J = JI-1 RCC 069

DO 60 I =l_II RCC OTQ
M : M + I RCC 071
NODE = H +INODE - 1 RCC 072
NODE1 : NODE +NCIR +NTNK+ i RCC 073
IF(J{.EQ.JJT NODEI = NODE-(NRAD-1I*(NCIR+NTNK+I) RCC 074
IF( I-(NCIR+I)} 53,55,57 RCC 075

53 AREA = PI / FNRAD * TKRAD**2 / FNCIR RCC 076
LEN = PI21 FNRAD I SQRT(FNCIR)*(FLOAT(1)-.5)*COS(iFLOAT{K)+.5) * RCC 077

1PI2 /FNRAD)_TKRAD RCC 078
FLA = LEN / AREA_3600.
WRITE (9) FLA i
FLA = FLA/FK

- GO TO 59 RCC OdO i
55 AREA = PI2/FNRAD* TKRAD _TKWALI RCC 08Z

LEN = PI2/FNRAD_ TKRAD *COS((FLCAT(KI+.5)*PI2/FNRAD| RCC 082
FLA = LEN I AREA*36P _.

WRITE (9) FL_
FLA - FLA/FKW

) -

LOCKHEmO B-15 ]
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TABLE B- i (CONTINUED) t'

GO TO 59 RCC 084 J
57 IF(I.NE.II) GO TO 60 RCC 085

AR_A = PIZ IPNRAV w& I_RAV + 3UMI*I_WALZ RL_ 0_6

LEN : PI2 /FNRAD *(_KRAD + SUM)*COS((FLOAT(K)+.5}*PI2/FNRAD) RCC 087
FLA = LEN / AREA*3600.

WRIIE (9} FLA
FLA = FLA/FKI

59 NRES = NRES + 1 RCC 089
JK:_IXE_+Z_AXI RLL U)U

P(JR))FLA
60 CONTINUE RCC 091

L_NIIP]Ut I(CC 092
80 CONTINUE RCC 093

M = 0 RCC 094
,m

KK =KK-Z RCC 095
IF (KK*JJ*II.EQ.O) bO TO 111
DO i10 KI=I,KK RC r 096

K = KI-I RCC 097
DO I00 Jl=l_JJ RCC 098

J = JI-i RCC 099
DO 90 I=],II RCC 100
M=M_I RCC

_ODE = H-I+INODE RCC 101
NODE1= NODE +(NRAD;*(NCIR + NTNK + I; RCC 102
IF(I-NCIR-1) 83t85,87 RCC 103

83 AREA = PI /FNRAD * TKRAD**2 / FNCIR *COS( FLOAT(K+II*PI2/FNRAD} RCC 104
LEN = PI2/FNRAD * TKRAD/SQRT(FNCIR)*SQRT(FLOAT(I)-.5) RCC 105
FLA = LEN / AREA*3600.
WRITE (9) FLA _"

FLA = FLA/FK |
GO TO 89 RCC 107

85 AREA = PI2/FNRAD *COS(FLOAT(K+I)*PI2/FNRAD }*TKRAD*TKWALI . RCC i08

LEN = PI2/FNRAD*TKRAD RCC 109
FLA = LEN / AREA *3600.

WRITE (91 FLA
FLA = FLA/FKW
GO TO 89 RCC iii

87 IF(I.NE.II) GO TO 90 RCC i12
AREA = COS(FLOAT(K+II*PI2/FNRAD) * TKWAL2*(TKRAD + SUM) RCC 113

LEN = TKRAD +SUM RCC ll4
FLA = LEN / 'AREA*S600.
WRITE (9} FLA
FLA = FLA/FKI

89 NRES = NRES + 1 RCC 116
JR=NRES+2*MAXT RCC 117
P(JR)=FLA

90 CgNTIHU_ RCC 118
1PO CONTINUE RCC 119
110 CONTINUE RCC 120

C CALCULATE CONDENSOR BLOCK LIST FOR SPHERE RCC 121
111 CONTINUE

M =0 RCC 1"22
KK = NRAD/4 RCC 123
JJ = NRAD RCC 124
II = NCIR + NTNK + I RCC 125

DO 140 KI= I,KK RCC 126
K =KI-I RCC 127
CON =-SIN(FLOAT(K)*PI2/FNRAD) +SIN(FLOAT(K+I)*PI2/FNRAD) RCC 128
DO 130 JI" 1,JJ RCC 129
J = JI-I RCC 1291
DO 120 I =i,II RCC 130

0
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M = M+I RCC 131
NODE = M -I +INODE RCC 132
IF{I - NCIR -I} 1139115,117 RCC 133

113 V = PI2/3.0*TKRAD**3 /FNRAD *((FLOAT(I}/FNCIR)**Io5 -(FLOAT(I-I)/ RCC 134

I FNCIR}**I_5} * CON
WR'ITE (i0) V
V = V*FCP*FRHO
GO TO 119 RCC 136

115 V : PIZIFNRAD*TKRAD**Z *{ IKWALI + TKTHK{I}IZ,;*LON
WRITE (10} V
V = V*FCPW*FRHOW
_'O'TO 119 RCC 158

117 SUMP = 0,0 RCC 139
NN = I -NCIR
DO 1171N = "I,NN RCC 141

1171SUMP= SU_.'P +TKTHK(N} RCC 142
IF(I,EQ. II) GO TO 118 RCC 143

• v = PI2 *(IKRAD +bUMP}**2 *{IKIHKINNI+TKIHK(_IN-I})/Z,O * CON RC£ 144
1 /FNRAD

WRITE (10) V
V = V*FCPIWFRHOI
GO TO 119 RCC 145

118 V = PI2 *(TKRAD +SUM }*'2 *( TKTHK(NTNK)/2,0 + TKdAL2} *CON RCC 146

1 /FNRAD
WRITE (10) V
V = V*FCPI*FRHOI

119 JC=NODE+2*MAXT+MAXR' RCC 147

P(JC}=V RCC 1471
C STORE TEMPS IN DEG, F,

P(NODE} = TE_PZ-460, RCC 1472
JT=NODE+MAXT RCC 1473
P(JT}=TEMPZ-460, RCC 1474

8003 FORMAT(5HDEC01,15,EI0,9,60X) REC 148
120 CONTINUE RCC 149

130 CONTINUE RCC 150• ,, .,..

140 CONTINUE RCC 151
C TEST KEYNODE RCC 152
C RCC 153

C RCC 154
C RCC 155

IF( KEYNOD,EC.-1}GO TO 2_0 RCC 156
JJ = NRAD RCC 157

II = NCIR +NTNK + 1 RCC 158
=0 RCC 159

C CALCULATE CONNECTING RESISTORS SPHERE TO SPHERE AND SPHERE TO RCC lO0
C CYLINDER RCC 161

DO IZO _I =l,JJ RCC 162
J= JI-I RCC 163
DO 160 I =l,II RCC 164

M= M+l RCC la_
NODE = M-I +KEYNOD. RCC 166

NODE1 = M-I +INODE RCC 168
IF (I-NCIR-I) 143,145,147 RCC 169

143 AREA = TKRAD**2 /FNCIR *PI2/FNRAD
LEN = TKRAD ISQRT(FNCIR}*SQRT(FLOAT(I)-O,5)*PI2/FNRAD RCC 171
IF(NTYPE,EQ, I) LEN=LEN/2,+TKLEN /(2,0*FNSECT)' RCC 172
FLA = LEN/AREA*3600,
WRITE (9) FLA
FLA = FLA/FK
GO TO 1_9 RCC 173

145 AREA - PI2/FNRAD*TKRAD*TKWAL1

LOCKHIED B-IT :
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. TAB B-I (CONTenD) ++

LEN = PI2/FNRAD*TKRAD RCC 175
IF(NTYPE,EQ,1)LEN =LEN/2.0+TKLEN /(2,0*FNSECT) RCC 176
FLA = LEN/AREA*3600,
WRITE (9) FLA
FLA = FLA/FKW

GO TO 149 RCC 177
147 IF(I,NE.II) GO TO 160 RCC 178

AREA = PI2/FNRAD * TKWAL2*(TKRAD + SUM)
LLN = F'IZ/FPIWAD *{ IKRAD +_0_) RCC 1BO :
IF(NTYPE,EO, I)LEN=LEN/2,+ TKLEN/(2,O*FNSECT) RCC 181 i
FLA = LEN/AREA*3600.

WRITE {9) FLA
FLA = FLA/FKI

149 NRES = NRES + 1 !

JR=NRES+2*_AXT RCC 184 i
P(JR)=FLA ;,

160 CONTINUE RCC 185
170 CONTINUE RCC 186 '
190 NEND =-I RCC 187

WRITE {i0) NRES

" HELB{IZ;=(NCIR+NINK+I;*INRAD *[_5_CT+Z*NRAD/4}I

HELB(13) = NRES i

RETURN RCC 192 !
20b IF{NTYPE°EQ,I) GO TO 201 RCC 193 i

KEYNOD= INODE RCC 194
INODE = (NCIR + NTNK+I_*NRAD**2/4 +INODE RCC 195 '

' GO TO 15 RCC 196 i
201 KEYNOD = INODE RCC 197 i

INODE = (NCIR + NTRK+I)*NRAD**2/4 + INODE

C CALCULATE RESISTORS AND CONDENSORS OF CYLINDER BODY RCC 199 ... I

M = 0 RCC 200 _
II = NCIR +NTNK RCC 2Ol _"

JJ = NRAD RCC 202
KK = NSECT RCC 203

DO 230 KI =I,KK R_C 2_4 +
K = KI-I RCC 205
DO 220 Jl =l,JJ RCC 206
J = JI-1 RCC 207
DO 210 I =l,II RCC 208
M = M +I RCC 209

NODE = M-I +INODE RCC 21Q
NODEI= NODE +I RCC 211
IF( I-NCIR) 203,205,207 RCC 212

203 AREA = P*2/FNRAD * TKLEN/FNSECT *(TKRAD/(SQRT(FN¢IR) RCC 21_
1 *ALOGI_(FLOAT(I)+.5}/(FLOAT(I}-;fi))**,5)}; RCC 214
LEN = TKRAD *(SQRT(FLOAT(1)+,5) -SQRT(FLOAT(1)-O,5)) RCC 215

1 /SQRT(FNCIR) RCC 2151
FLA = LEN / AREA "3600,
WRITE (9) FL_
FLA = FLA/FK

GO TO 209 RCC 217
205 LEN =TKRAD/(SORT(FNCIR))*(SQRT(FNCIR)-SQRT(FLOAT(I}-,5)} RCC 220

FLA = LEN / AREA "3600,
WRITE (9) FLA
FLA = FLA/FK

GO TO 209 REC 223 '
207 NN = I-NCIP-] RCC 224

SU_P =0,0 RCC 225

IF (NN,EO.O) GO TO 2072 _ 22_
DO 2-_71N =I,NN RCC 227

2071 SUMP = SUMP + TKTHK(N) RCC 228

O{
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2072 AREA : PI2/FNRAD*TKLEN *FNSECT*( TKRAD +SUMP +TKTHK(NN+I)/2.0) RCC 229
I **2 RCC 230J
LEN : IKIHK(NN+I) RCC Z}1
FLA = LEN / AREA *3600.
WRITE (9) FLA

---- FLA = FLA/FKI
209 NRES : NRES + 1 RCC 233

JR_NRES+2*!<AXT RCC 234
PIJRI=FLA

210 CONTINUE RCC Z35

M = M+I RCC 236
...._20 CONTINUE RCC 237

230 CONTINUE RCC 238
II =II+l RCC 239
M : 0 RCC Z40
DO 270 KI =I,KK RCC 241

K =-KI-1 RCC 242
DO 260 JI £-_;",JJ RCC Z43
J = JI-1 RCC 244
DO 250 I =l,II RCC 245

_4 = _'+I RCC 2_6
NODE = M-I +INODE RCC 247
NODE1= NODE +NCIR +NTNK + i RCC 248
IF( I -NCIP -I) 243,245,247 RCC Z49

243 AREA = TKRAD/SQRT(FNCIR)*TKLEN / FNSECT *(SQRT(FLOATII)) -5QRT{ RCC 250
I FLOAT(I-I}) ) RCC 251
LEN = PI2 /FN_AD *TKRAD *SQRTIIFLOAT(I}-0.5} /FNCIR} RCC Z_2
FLA = LEN / AREA *3600.
WRITE (9) FLA

FLA = FLA/FK

GO TO 249 RCC 254
; 245 AREA = TKWALI * TKLEN / FNSECT RCC 255

LEN = PI2 /FNRAD* TKRAD RCC 256
FLA = LEN / AREA "3600.

WRITE (9) FLA
FLA = FLA/FKW

GO TO 249 RCC 258
247 IF(I.NE.II) GO TO 250 RCC 259

AREA = TKWAL2 * TKLEN / FN5ECT RCC 260

NN = II -NEIR RCC 261

, LEN = PI2 /FNRAD _(TKRAD +SUM ) RCC Z62
FLA = LEN / AREA *3600.
WRITE (9} FLA
FLA = FLA/FKI

249 IF(JI.EO.JJ} NODE.I : NODEI -NRAD*INCIR + NTNK+I) RCC 264
NRES =NRES +I RCC 265
JR=NRES+2*MAXT RCC 266
P(JR)=FLA

250 CO,!TINUE RCC 267
260 CONTINUE RCC 268
270 CONTINUE RCC 269

IF (KK.EO.1) GO TO 301

KK : KK-I RCC 270
LEN =T_LEN. /FNSECT RCC 271
M =0 RCC 272
DO 300 KI =I,KK RCC 273
K = KI-I RCC 2t4
DO 290 Jl =ItJJ RCC E75
J=JI-1 RCC 276
DO 280 1 =I,11 RCC 277
M=M+I RCC

I
)

1) '
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(CONT D)

NODE = M-1 +INODE RCC 278
NODE1 = NODE +(NRAD )W(NCIR+NTNK+I) RCC 279
11"(I --N_IH-I) Zl-_tzf_PZil R(.C _80

2"73 AREA = Pl /FMRAD * TKRAD**2 /FNCIR RCC 281
FLA = LEN/ AREA *3600,
WRITE I?} FLA
FLA = FLAIFK
GO TO 279 RCC 283

FLA = LEN/ AREA _3600.
WRITE (9) FLA

' _'LA z PLAIFKI_/

GO TO 279 RCC 28(}
2.7.7 IF (I,NE, II) GO TO 290 RCC 287
,| i

NN = II -NCIR RCC ZB8
AREA • TKWAL2 _PI2 /FNRADWlTKRAD + SUM ) RCC 289
FLA = LEN/ AREA _3600o

....... t_KIIE {V) FLA
FLA • FLA/FKI

279 NRES = NRES +I RCC 291
JR=NRES RCC 29,?.
P(JRI=FLA

280 CONTINUE ,. RCC 293
290 CONTINUE RCC 294
300 CONTINUE RCC 295

C CALCULATE CONDENSORS FOR CYLINDER RCC 296
KK =KK+I

301 M - O RCC 298

DQ 330 .KI-;,KK RCC 2_9
K -- KI-I RCC 300
DO 320 JI=l,JJ RCC 301
J • JI-1 RCC 302 ..

DO 310 I =l,II RCC 303 _ _
M =M 304
NODE " M -1 ˜�H305

- IF(I-N_IR-1} 30."4o305o307 RCC 30b
30) V • P! IFNRAD _'TKRADee2 IFNCIR_TKLEN/FNSEC T

_ , _RIT _ (ZOt V,
V • V_FCP_.FRHO
GO TO 309 RCC 308

,_05 V = PI2/FNRAD_TKRADO(TKWALI+O,StTKTHK(1))4TKLEN/FN)ECT
WR'ITE (10) V
V • VoFCPWOFRHOW

' GO TO 309 RCC _10
_07' IFII,EQoII) GO TO 308 RCC 311

NN " I-NCIR RCC 312
SUNP =O.O ..... RCC 313
DO 3071 N•loNN RCC 314

)071 5UMP - SUMP +TKTHKIN) RCC )IS
, ,V - PI2/FNRAD'mITKRAD+SUMP.!eO.,,,5'mIT_,THI(.(,NN_+T_,THK(NN-1)) ,, RCC 3|_,

1 • rKLENIFNSECT
WRITE IlO) V
Y,,- VeFCPloFRMOI

' " GO TO 309 ' RCC 317
308 V • Pl2 IFNRADO(T_RAD+SUM )OITKTHKINTNK)/2.O +TKWAL2) RCC 31B

1 _TKLENIFN$ECT
t_eltE (i"oI V ''
V • VeFCPI_FRHOI

309 JC •NODE+2 _MAXT+M.AX.R' , RCC 3_g
' P'|JCl-V R(_C 3191

C 5T_RE TENPS IN DEG. F*

- 0
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_ TABI_ B-1 (0ONT_UED)

P(NODE) = TE_tPZ-460. RCC 3i92
JT=NODE+HAXT RCC _19_

P(JT)=TEMPZ-460° RCC 3194
3tO CONTINUE RCC 320
320 CONTINUE RCC 321
330 CONTINUE RCC 322

II = NCIR + NTNK +I RCC 323
JJ = NRAD RCC 324
M = 0 RCC 325
DO 350 Jl =l,JJ RCC 326
J = JI-I RCC 3Z7
DO 340 I =l,II RCC 328
M : M+I RCC 329

NODE = N-I +KEYNOD RCC 330
NODE1 = M-I +INODE RCC 331

IF(I- NC*R -I) 3439345t347 RCC 332
?43 AREA = Pl /FNRAD *TKRADW*2/FNCIR

L.EN = Pl /FNRAD *TKRAD/SQRT(FNCIR)*SGRT(FLOIT(I}-O.5} +TKLEN/ RCC 334
i (2,0*FNSECT) NCC 335
FLA = LEN/AREA*3600°
WRITE (9) FLA
FLA : FLA/FK

GO TO 349 RCC 336
345 AREA = PI2/FNRAD WTKRAD*TKWAL1

LEN = Pl /FNRAD *TKRAD 4TKLEN/FNSECT/2,O RCC 338

FLa _ LEN/AREA*3600.
WRITE (9} FLA
FLA = FLA/FKW

GO TO 349 RCC 339
347 IF(I.NE.II) GO TO 340 RCC 340

AREA = PI2/FNRAD _TKWAL2_ITKRAD+SUfK)

) LEN = PI/FNRAD *{TKRAD_SUII } +TKLENIFNSEZT/2,0 RCC 342.~ FLA = LEN/AREA_360C.
_RITE (9) FLA
FLA = FLA/FKI

349 NRES = _;RES +I
JR:;_RES+Z*UAXT RCC 345

3(5R)=FLA

340 CC_;T It_uE RCC 346
350 (O_,TI_4JE R_ 347

!.EY;iGD: INOD[ +(NCIR+NT;;K+I)_;'_RAS '_{t.SEC_1) RCC 343
INOL[ : I;_ODE +{_CIR4_:TNK+I)_'NK/D "if,SECT KCC 249
G_ TO 15 RCC _53

Er_D
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_T_FTC C_NTOL ?2660_n
_URR_IITIN_ e_ITRLfTTTMF| ??66001

A_ n_ Inl11_ _26600_
C ITIMF = 1FTP_T TTMF PnlYTTNF IS CALLPO ??66009
C ITTM_ .NF. 1 THFRFAFT_R 22660_6

COMMON P(14000)t M(16)t KKKKf231t CC(1_) 226600_
COMMON /CONTR/ TLIO.SCLIO.TGAS.SCGAS.SCALLtTLSMAXtSCINTtT_GAS. 2266006

ICOMUN(5)tDMCC.TLMAX.TALLtFMLOtGAVITY.FKG.FKL.ZCoPC.ZNtFMLUtFMLAo 2266007
2 ZXtCPXtTLAtGAMMAgRHOL.RHOGtCPLtCPGtRLAMtMCNTtPNtFMCtFMNtR2266008
COMMON ICPNET/NTYPF.TKRADtTKLENtTEMpZgNRADtNCIRtNSECTtNTNKt _b600q

1 TKTHK(_t,TK'4_LI,T_WAL_,TN_O¢,K_UTt ?266010
2 FMCO.FMNO.F_OLC.VGAS.IGC.IORF_StFMOLN.FMIN.FMAX.PMIN. 2266011
3 PMAXtFMOLXtTSATtANGLF.TXtP_tTANKVt 2266012
5 RADI(_}.HFLR(16).LLFLOW.HELT.HELP_HELW 2266019
6 .ISTRAT.SARFAtIOPTSX(5).F_ULTF(St.RTRIN_(?O] 226601_
7 .G_OLD (2).TTOPBL(2).DLIO .NL_URF. ICALL 2266015
COMMON /STR/ IDEST (1)t_NO (1).HBAR (IItQRL (1)tYRAR II)t ?266016

l TBOTRL(1 ,_NO (lttRNOB IIItW (I),DFLmT I1]t ?766017
2 0 {I ,VBL (II,AqAR (I),RHOR_XII},RHOBMN(1), 2?66018
3 DELPB (l ,FR (II,DPFGSO(11,GNEW (I|,REYNO (1], 226601q

SUMARS(1 ,DELPF (I),CAPAVGI1)tTUPPERflI,CAPRL (lit 226602_
5 CAPTLI(1 .DELTLII1)tCUPPER(1]._OUAN (1].NCLAY 2266021

EQUIVALENCF (_MULTF(1 _ FLT).(FM!JLT_(?)tFLKL| ??66022
COMMONICH_/_MCV_SMCAt_NVt_MNAtSDWCC._LAStSMLUStSIIMEXtHELW_.GOLDt2266029

1 ANGOLD.FMGtFML.TStDFLTS.DFLVF.FMGAg 226602_
EQUIVALENCE (IOPTFX{I),IRSTRT}t(IOPTSX(2),IPTLIQI. 2?66025

I (IOPTqXIg)tLI_TAP}t(In_T_XfA)_MTIU_ I ?_66n26

DIMENSION VS(25_).FLA[500)tNUMIAR(1,0)tNFXW(125]tNRFX{125).MM/]25)226602R
DIMENSION LNO(230)tNLNNSII251tNGNN$(175I 776602_
EQUIVALENCE {P(13251).VS].(P(Ig_O1).FLA) 2266030

1,(P(12526),NUMTAS),(P(12626},NEXW],(P(12751),N_EX}_(P(12876),MM) 226609]
ECUIVALFNCE{P(12276}_LNO),(P(12151),NLNN_I_{P|12_26_N_NNS} 2266092

r IRST_T = 0 Tc WANT N_ Pr_TSRTI_G ?266_9 ""
C IRFTRT = 1 IF WANT TO RE&TAPT ONLY _26609_
C IRSTRT = 2 IF WANT TO SAVE ONLY 2?66035
C IR_TRT = 3 IF WANT T_ RESTART + SAVF 2?66096
C KIJT = TIME(IN SFCON_S) AT WHICH CURR_NT _FGMENT IS TO flF CUT 2?66037
-- _FaL u ?_66h_

_FAL MG_S 72_6_0
_t I IN _66n&_
USVT = KV_v(_! _A6_&1

THFTA =MI1) }766_5

ANGLE = LINITHETA,NUMTAB{3311 2?66047
I_ (ANGLFoLCo-RO._| ANGLe =-qh._ 2766_
IF (ANGLCo_FoRqoq) ^NGL¢ = _h,_ 2_6_4_
IF (An_IAN_Lr)-_o!.LF.h.h) ANAL? = 0,0 ??66nSh
_ _ T=I,u_YT ?766_SI
II - MAXT+I 2_660_

5 nlIII = DIIII +AA_, ?7660_4
AAVITY - LINfTHFTAtNUMTAB(1)) ?7660SS
I_ (f_TRAToNroh .ANne lTIMCe_e_ oANOe _Nn.LT.I.n} _AVITY • "." 2766t_6
FMLII = LIMfT_TAtNUMTA_( 71) 2_66_?
_MI A = L_N(Y_TA_MII_TAn{ R)_ _60_1
TLA = LT_IY_TA_MIt_T_n{1_11 +_6_, _6_OqO
IF (ITI_.Nr. II _0 T_ I ??66060

INIT • ] ?766_61
DT_rT_ • _0 _766n67

0
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TABUB-1 (CO T U D)
J

VGA._ = VGAq_TANVV 77F,6_6_

...... Al_t_L13 - = A_nL¢ _t_n_=

_TT_F7 ,, n 77&&n6;'
CALL RULnVA (_TT_¢'11 7766e_6n
I=KUT = _IIT 7_&&n6 °
0 = l r_6_. 7766aTn

• Tr'_?n = 1.nc_,rl - 7966_71

._('A = f_. PT&F,nTc

...... e_tUc; = _e ....... _9_F, nRn
r)l=tTq : rl, ?_$&_1

HFLWq = _, _T&6nn4

- - FM_ • tlo 79F,6nn_,

Ir1_t_t1--zi_ 99&Anma

HIrLT F • HrLI_(,4)_6_',,_ * 9_&&non
ZX = _IVIHFLOtHFLTFtNUMTAR(10)) 2_266_tq1

........ H_LIBtI_--'r tl'_. Lftf_) eHEL_ ( 7 ) / ( 7 XeR_HELB ( '_) ) _,e I A6. • I_MOL X 2266n07
HFLW = _¢"Lm(14) 79&6no_

-_\ TFMPTF = TFMDT-A&rle 9_F,_.nO6
......... 1_.C- zr -t'-TI_ZI¢' t NI l'e'TAmt _ 1 ) 77&_na'K

"" ON • DP--I_ C 97A&flo_
ZC • F_IV(PCtTFPPZFtNUMTAR(I+)) 27_6(907

FMCO • PCeFeOLCeVGA_/(ZCeReTF-t_o7)e1&&,, 7766_ ae
FNNO • PNeFM_LNeVGASI(ZNeR*Tr_PZ)*166. 2;)6610 n

..... l¢'l_ev'_--zu--r_t"Cv--wr,_. - - 77661 nl
RHOL • L/N ( TENO71_tNLIMTAR(16)) 77661n_
FMLt_ • (TANVV-.Vr.A_)*_nL 77_F, lt_q

- Ir,.q. =- F_q_t_ 77&_ln6
Z_,_T(1) ,, 1 PT&61n _,
M('LAV • 1 _�K/_l_A
IF IIRSTRTo_,Io_R.IR_T_ToF_,3) C_LL C_I_ftl 27661(t?
C_LL ¢_FCALC (I'TIMF') 72661nR

r,t'1 Yn 777q 99_&11/'_
1 ?nNT T4LIF 7 :_, 111

TI• (ITII_reNr. Tt ?.r) Tn "_ PT&_,_I n
IF I_AVITY.rrJ.n._) r_LL nrr_qN_ 776&_1"_
IF (G_VITVolqren.n) t'aLL _,rn_,rlICXOATl 77_&11_

11 t'ALL Dl_t'ALt'( tTt Me") PT&&11 ¢
nLnlpp • t'so 79_&11_
_LI1GT • Tr,,_ 776611'7
nL_LT • TLI_ ?.76611e

--- 41..... -_t.L __SFTfTRAC,4) 976611 °
TGASF • TGA_,-46n, ?P661?n
TLT_F • TLtr)-4Ane 9;)_,1_1
CaLL ¢tm_ _9_&I_'_
IF (FeLoFOe(le) rWLLI • 1'1o ;);)661; )'_
RH¢)L• LIN( TLIOFtNL_,ITAR(16)) 7266126
Tit IFULeNFeISeh) I_N_LCV - P_-InL 7_K617K

()
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TABLEB-I(CONT. N D)

CPL - LIN! TLTr)FtNUMTAR(16)) 2266126

ZN • B|VIPNtTGA._FtNUMTAP(6) } 226612_
CPG1 = RIV(DC.TGAqF,NUMTAR(]?))-(FLT.7CI/FMOLC 276612q
C_G2 = Rt_Pf 1¢_t_TfiA_Pt Nt_l_f_l 1_PL Te ? N/I_ f¢ ........ _61_I 3t_
TF (('Dr,;.LT,lt%_r-_) ('Pr,1 = ('pr,_ _661_1
FKL • LIN( TLI(_FtNUMTAB(_)) _FLKL 2266132
IeKGI"I"_._;t e _m_rTaR t? 11 ................................ ?7661"3_
FKG2 = RIVIPNtTGA.qFtNIJMTAR(26)) 7?66136

10 FM(" - FMCO - ,_MCV + qDMC¢ + _MCA _76613_
- ---- _ l_ln---_-_r-_---_ ............................... _/96T_t_ -

_'MC1- C1_¢" 7?AAI_?
F'Mml = c_lm 77661"_o

..... T_A_r_r-= 1 ................................................... ---_-)_K_---
_I='(GAVTTY oFt_o n.n ) GA TO Sn :_?A61_,n

---T_---_--TLS/a_X + FKG _iTC, GA% ---_TI.-q_-/-Tk'lk*L-_I.-lel_GT 7766T_,7 ....
TLMAX = TS 7#6614_

_t'1 CONT| _t;_" _766166
vt,, _ Tr_nq ,t'-__r'-_---"n _'n--F;'ff- _r?Rk,_6-k--'--

PC = FMC # 7¢ e R I. TGA,_ / rMt_LC /VGAq 1146.0 776614A
_r) Tn AR _,?AA1 _?

--'-_"l'v----l'T._a_X'_" =_B_r-_Rno ................................ ?P_,61A_

FM¢ • PC*I=_DL( _VGA._ /|?(" _R _TL_AXI_146._ 77f,61_:_

OLAM = Ll'kl( TLTf_r'tMIt_TApfO)t _AAI_;_I

TLTr)I r = Tl.t_-6An. _AF, Ir, K
C I'Gt" n 1 IF CF_NDFNSIPL r G4q ,fnC =2 IF COND_'N.C,tRLE + qnN('r_NI')FN,_o 7?66156

me-= n;,n ....... 7-A_6 lit.r----
IF(IGCeEQ.S) PN.FMNeZNiReTGA,qlFP*_LNIVGA_;I144.(1 2266158 ! ;

_.¢,_tAlr = lc_ayan_r/_ ........ ....... =7_;i_l_m -
IF" ( ng_olC o=_,*_y ) r,_n ?_ mn _?F,A1A1
FPMAX • I.-FDMAX/DCt 226616?
_ _ n,V- --'_ ]rw_rr -r'- -rmaxT ")')/,/,1 _5 ....
FMCV • r_('l • FOuAx 7766'_64

,_DUCC = ,_n_rC + n_CC 2766167
RLAM • LtM( TLt_rtNlt_TAn(q)) 77A616_

TLtOF • TL tt_-Af, n. ;)2661 ?n
IF (ruL ,NF_nenenD.rMlll.rt_.n.f_t _n Tn mA _:_AAI?I
_-'r, t" v-'¢',_ .................................. 7PK61 ?_)
FMGU • FMLUIIFMC+FMNI/IRHOL,_V_TANKV) 2266173

FMG • FM_ - rM_19 776A1?&

RO IF (I=IvLUoGTen.n) Gn tl'_ l_n ?;_661_6
C IDID_'S5 •11 IF PRIr_,'_,IIPI21rI'.".) R_'F'PtOIr FTRINr,. 12 I j_ NrIT ?_6A177

1A_ Ct_NTI NUF _6A1 70
IFI =RoGF. le,_INll_qlq ) Gr) Tn :_nlt 2;_661Rn

I"O'_qR'H-w-? ............. ............................ _1_1
IF (HFLRITI.Ff_.n.t)! r,n TO ln4 ?;_66182
LLrLn_ - 1 :_A61mq

.... 1;11e_'l'-m °II_alf'T'_'e_r/ ........................... _l_K_m& -
NI=LTI= • _.lrL'r-&An . :):)6&1Re,
HrLWN = HrLmfmler_nA _AAIIA
NFLW • MrL_ - urL_u _AAII?
H[LG • BIV I HFLP.HEI.TF tNUqTAB (34) ) 22661B#

0
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TABLmB-I(CONT U D)
(" COMPUTE NFW HFLTt)M TFMPFRATIIRFtDPFc;RtlPr "" 276_]LqQ

HFt. X'zl_, _-HC'::WN/ t_._to f 14 I_; +HC'tl,t_ ) - ?7661Qn
ZX - RIVIHFLP,HFLTFtNHMTSR(IOI ) 2266191
HELP = ZX_I545.eHELTeHELW/(HELB(4)eFMOLXe144.) 22661.92

HFLT¢' - I-lrLT-Af_n, '_,_,106
HELWS - HFLWq + HFLWN 27661_%

HPLW5 =AM_NI ( HFLt'/"_,_HFL" ( 1k-TT 22_'6T0"_ - ....
P(_AXr+1)= _¢LI" 7_(,&lO't
TX - ,QllaW.TLI_ + ,nR_*HFLT 7_&_,loD
iF iMFL_i 6i ,h-O,(_,-O3-_f'X"-J--_.'7 ...... 778E'l_
'IX4 = ?'I'MAXT4.f_F c, 77(_Tr_f_
P(IXt_+I) • "_60_./(RIVIHELP,HELTF,NUMTAfl(24)t_HFLR(2)e4R._) ?266201
I X4 • ?eM_XT+M3_3rI_-+wrxlr_ 776_7h2 .....
P(|X6+i) .,HFLWe(P,:V(HFLP,HFLTF',NUI_TAI"Ill}I-l.qB6_ZX/FM_LX! 226620'_
P(IX4+2) • HFLB( I )eLTNIHELTF,NU_TARI'_6 ) ) ?766206

l(_ lXP • tx-4_n. ,-'7"/'6"_---
ZX - __|VIPRtTXF ,NUMTAR(IO! ) 27667.06
FMGA • FHOLX eVGASeIPMIN-PR|e166.h IIZX_ReTGA¢;) 2266207
FIm(%P.• AWlAXII_"_I'+_m*Iy.T_ _]'_"6-2_--
FMG/Scj • rMGAq+FM_ ?T&&_.o
tr(lfi¢ ,tO,l) _n Tn Ir_K 226&21_

t='mrWa i r",W;,q.......................................... _-':v&&-:PlT - "
_MNA • qMNA + FmMNA 7266719
_'9 T_ 11rl 79F_91"4

_-_--rur._ ................................ 2_&621_ ....
,_MC'A , Clara +ru("_ 7'P6&21_

110 TG_._I • TGAq ?76_21&

TGA_ - (TX eFMGA eCPX+ T_,A._t+SCGA+;/ (rMGA+Cr_X .,. _CGA._) 276621R
IF ITr-_S.r+,+,nt T_A¢ • TLTr) 926671"

T_8_F _ I_;_ 7766z?n
CALL Dr'qlrT (tn^¢,,_ ? ) _766_71
IFI T_A_ .GT, TF, AT ) £,r) TO ?lf_ 27662?2
o_.1 • _C ?" 6677"4
IF {TLIOeNFenenl _n Tn 112 2;*66226
ZC " R|VImC,TGASF'tNHMTAR( 61 ) 226622';
_C = _;,;,_,,Zf,,_,-TGk&/IF_,,LC,,VGAS**_, ) 22662Zo
t;n T,_ 114 776627_

112 TF"I_PTr - TI..CvlX-A&D, 776627m
+.£ • Limiir-_.iF,.,_Pmva-;_)_ "Z'/EE22r---

116 FI_C1 • FuC 72662"_tl
FMC • FMCI ePC • TGAS1 /PC1 /TGA5 2?66231
_cr,. • FMC -_M¢-1 77667"47
5DMCC = ,(;r)uc C +f_*CC 726623"_
RLAM • LINI TLIt)FtNI_*TARfO)) 22667.'_4
IF( AIq_l 13M(-C| ,_T, Wp._ | t'ALL 5,_t_,qg 776"_',,rq_
TLtt)lr ,, TLtO-4&rl, ?7662_6
(;61 TO 71n :_7667_?

7nR LLWLn_ • n ?7667_m
210 FMLUS • rITHrT& •FMLU 22662_c)

F_qLAS • DTHFTA •F_L& 2?66240
$6h.A5 = &,._._ ,, Fi.:LA5
SklLt),_ • _"Ll '_; 4' FVLIJ(; _766267

RHOL - LIN( TLIOF,N_TAP. II4) ) 776624S

F_IL • Irlfl.O -Er)_,('C -qMLU e, +_WLJ_ ?:)66766
_;,I. - ;,,,;-;_i(,-,,_.,601 7786"Z_
Tklt)l • TLIn :;76674m
TLIQ • ITLIQ|eIFNL -FNLA$) +FMLAS •TLAIIFNL 2266249

TLIr_" • TLtn-46n, :):)6&?ql

, I

)
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IABLE B-] (CONTINUED) .. 1
_LV = (_ut-WMtl)/_Hmt _662_

iVGA_ = V_A¢] -_FLV 2_6626_
VGa_-_._c_raR_VT ......................... 77b%_6--
rF (ABS(DFLV).LT.FPG.ANO.GAVITY.EQ.GOLD.AN_.ANGLF.FO,ANGOL_) 2266257

]F (GAVTTYeNF,_°_) CALL GF_MGC(_TQAT) 226626fl
CALL _CALC (TTTU_) 2_&6261

_t.GT = TG_R _266_6_

mLDLT = TLTm _66_6&
iF _F_Lu._E._._oO_oFwLA._F.O.Oo_.A_L_._.A_L_! _Z'2B]5_215_--

I CALL _rTITLtm,I) _&_&&

TF (ANGLF.NF°ANGOLD) CALL WFSFT(TGA_,2| 2766267

TLT_I = TLT_ 7_66_6o
CALL _FS_T(T_A_) 776627_
'iG_$ = 1(,_t . . L
TLTO = TLT01 776627_ ;.
TALL =(TLTO|*SCLTO+TGASI*SCGA<)/SCALL 2266273
_F (G_V_TY.NF.G_LO) CALL _FSETiTALL,_} 2266_Ta .....

7107 TGASI = T_A_ 7_6627_
TF( _OAT_ °wo° 21 _n T_ _11 2266276

GAMMAN = RTV(DR,TGA_F,NUMTAR(_} ) 226627_

GAMMA = (GAMMAC_FMC + GAMvAN_FMN) ! (FMC+FMN| 2266270
DELT = TG_qi _( (VGASi/VGAS 1_G_-i°,)_-i.Ol 2Z65%XSU_
DFLTS = D_LTq+_RLT 2266281

T_A_ = T_A_I + _VLT 22662R7
IGA<F = v t'T_ _--_ _r_ ° 77667R_

CALL R_SFT{ _LT,_) 72667R6 -

711 CONT/NU_ 22662_
CaLL _OiAT (KU_t 7761S_6-- '

SUMFX = _UMFX+_UM 22662R7
FPS_P_ = LtN{THFTA_NUUTA_(32)) 2266288 ,|
E_S_GT = LiNiTHFTA,_MTA_(3r, TT 2/bb28_
FPS_LT = LTNfT_'FTA,NUMIAR(S])) 2266200

TALL = (TLTO*SCL_O + T_A_*_C_aq)ICCaLL 22662@I

1 ANDoABSIOLDLT-TLIOI.tT.F_TLT) _ Tn 222 22662o3

CALL _FCALC (TTI_F) 2266206
(,tf,_ = _ 7p95-8-'2o__--
_! _GT = T_Aq 7_66206
_I._LT = TLTn _667o?

777 C"_Ti_"; _')_6"-_a_----
TF (tqT_AT,_n,n) _n T_ _2_1 2266200
VLtO = TA_VV - V_q _266_nn

1 .OR.VLTO,LT.STRINP(1)_TANKV) _n TO 2218 2266_02
CALL STPAT _266_0_

721R _TR = 7WMAXT + MAX_ 726_0_
MEXT = C_MUNf6) �h�2266_06

ffR_UF = MR_(_'SFX(J)_1_P_) 2266_0R
NCRUF =(NS_XIJI-NRRU_)/lnnn + ITR 2266_09

_F (P(NCRUF)o_T,_=O o_NO, P(NR_UF),_F,T_N2_) 2266311
| P(NRRUF| • PtNRRUF)/TFN_0 2266312

Gn TO 2221 2266_16

0
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TASKB-1
271o _UP4EX = SUMFY+OPL*M(5) 2266_1%
_221 IF (ITIMF,LF,?) G_ TO ?224 ??66316

IF (TH_TA,LT,_(11) 1 _0 Tn 2?3 2266_17
_224 TTTMC = _ 7_66_1P
?225 WRITE (6,3aI) (¢C(T),T=I,I_% 2766_1o

WRIT_ (6,307} M(_), _(_), M(A), _(o), _4(15) , GAVITY,ANGLF 7766_7_
WRITF (6,3_} PR,PC,PN,TGAS,TLIO,TALL,D_LTS,TLMAX,IL_AX,T_GA_,T_,?266_21

-- I VRA_Mrt_P_N_K_MCC_MrV.KMNV_'4CA_N_ 7766_? _
2 FML,FMLU,FMLA, F_GU,S_LI_,q_LAS,DFLVS, _UMF× 2266323
WRITF (6,3_R}rMGAS*H_LP,HFLT,TX,HFLW,HCLt'IS 2766_24

..... IF (IOTLIO.NF.n) PUNCH 309, THFTA,TLIQF 2266325

_ClTq : n, 276&_6

WRITE (6)30A) SCGAq,SCLIO,_CINT,SCALL,TLA,eHOL, 226632_

IF (I_TRAT.NF._) WRITF(6,3_5) 2266332
I HRAR)YBAR)TTOPRLIII,RN_,RN_,_t, 2766_33

(_GNN_(I))i=I,NCLA_I 226633_
??A rn_)tfNt)r 2?66qq_

_1 _npMAT(IHI)I?A_I ?_66_A
_-F(_gh_AT(TH_THFTA=_i4.?)_L_rHf'Y'THI_TA:_I_._X?HPC MTN:ElO.5,X_HN_FF_._??66_37

I,XI4HPRFV, O THFTA=FIO,5,X_HGRAVITY=FG,_,XAHANGLF=Fq,O/) 2766_R
30_ FORMAT(THOSC GAS13XGHSC LIQI4X6HSC INTI_XGHSC ALLI_X4HT LA16X7HRH02266330

1 tIQ/EIS.5,SESG.5/GH CP GASCd'-_P GASN 12XGHCP LIOI_X?HK--G-A._?'L"Bb_
2XTHK GAS N]3X5HK LIQI_I3.5,SE20.514H Z CIGX3HZ NITX3HZ XI?X4HCP X 2266341
3]GXSHR LAMI_X_HGA_MA/_13,5,5_SO,5) 2266_42

_G5 FORMAT (-8140H BARi4XSHY RAR]SXS_T TQ_ RLi2206_43
_SX18HRAYLEIGH NR.(SIDF)SXBHROND NR.]2XIHWIqXIEI3.5)SE20.5/RRHOLAYES?663_

5P TEMoS.(TO_ TO BOTTOM)/(FI_._,SF?O._)I ?266_4_
308 FORHAT(SHOF_GAiSXiGHHEL BOT PRESSURE4XI_HHEL BOT-TE_P.7X7HT _UB X]2266_F_F-

) 13X13HHELIUM WEIGHT7XISHPREVIOUS WEIGHT/E13.5,SE20.51 2266347
303 FORMATII5HOTOTAL PRESSURE5XI9HPARTIAL CONDENSIBLEX19HPARTIAL NONCO2266348

iNDENS,/Ei3,5,SESO,S/igHO_-AV-G-AS _ I'Qb'TDGXIItt-AS_63__ --
2VERAGE ALL9X,11HDELTA TEMP,/E13,5)3E20,5/1RHOMAXIMUM LIQ° NODE2X172266350
3HMAX LI_ SURF NODE3X17HMAX SURF GAS NO_E_X3HT $/F13,5_3E_O,_/l&HOV??66_51
aOLU_F _F GASGXiGi'_,&SS CONSF_Si_LC'GXI"_rF_A,_ NONCONDFNSiRLFX]6NSO_ 027-663"V? ....
5ELTA MASSES/E13,5,3ESO,5/3RHOSUM MASq COND VENT SUM MASS NONC VENT2266353
62X39HSUM MASS COND ADDED SUM MASS NnNC AODFDIE13,5,3E20.5115HhMA_S2266354
7 OF LiQUi_SXiGN_AS5 L_OOiO iJSEb_X]TNMASA LI(_UIO AUDEO3Xi_NMA_b GAS22bO_5 ....
8 USEDIE13,5)3F20°Sll8HOSUM MASS LIe USED2X1BNSU_ MASS LIQ ADDFD2X12266356
92HDELTA VOLUME/E13,5)2E20,5/13HOSUM EXT HEAT/EI3,S) 2266357

SO; FGR_AT;SHDECG;,2_i0,_) 226635@
C MUST R_START DURING NON-HELIUM FLOW TIME 2266359
C ASSUMF FINALT = FINAL TIMF OF CURPFNT SEGMENT 2266360
C USE TAPE _ 65 RE,TART TAP_ FOR CONTRL OUANTITIE_ 22663G-1-----
C USE TAPE 7 AS PUNCH FOR TLIO VS. THETA 2266362

79_ IF (I_STRT,LT=2) Gn TO 2q_ 7766q6_
CALL _UL_V_ (_Ti_FSi 2266_6_
IF (THETA,GF,FKUT) GO TO ?90 _166t6fi
IF (MTIMF,FO,O) GO TO 295 2266366
IF { _T;_ES-_Ti_EioGT,_TI_F-460} G_ TO 2_,] 2266_6_
GO TO ?q_ ?26636_

29n CALL CHO_ (?) ?266_60
2_5 CONTIN_iF 2266_7h--
223 GOLD = GAVITY 2266371

ANG_LD • AN_LE ??_?_
,_O _2,3 ;_I,_AXT 2266373 --
IT = MAXT+I 2266376
_(f) = P{I)-_n. ?766_?m
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TABLE B-1 (CONTINUED) I_

SIBFTC 55059 1911101
SUBROUTINE 55059 1911102

"'C ...... AS OF 6/30/65 ..........
COMMON P(14000}gTM(16)tMAXTtMAXRtMAXCtKSPgKST
COMMON /CONTR/ TLIQoSCLXQtTGA$oSCGASgSCALL,TLSNAXtSCINTPTSGAS9

.... 1COMU_(SI;DMCC,TLMAXtTALL,FMLOoGAVITY,FKGgFKLgZCPPCPZNPFMLU,FMLA'_ ........
2 ZX,CPXtTLA,GAMMAgRHOL,RHOGgCPL,CPGtRLAMtMCNTgPNtFMCtFMN,R

COMMON /CPNET/NTYPE,TKRAD,TKLEN_TEMPZtNRADgNCIR,NSECT,NTNK,
II-TR'TI:BT_I_TI_ALI_-TI<_A_2,1NODE,KOUT p ---
2 FMCOtFMNOtFMOLCtVGAStIGC,IPRESStFMOLN,FMINtFMAXtPMIN,

3 PMAXtFMOLX,TSAT,ANGLEtTX,PR,TANKV,
.......... _ ........ RAD_(4),HELB(14)_LLFLOW_HELTgHELPtHELW ........................

6 ,ISTRATtSAREA,IOPTSX(5),FMULTF(5)tSTRINP(20}
7 oGSOLD I2)tTTOPBLI2)gDLIQ tNLSURF,ICALL

'_QUIVALENCE (FMULTF{1), FLT),(FMULTF(2)DFLKL) ............... :
DIMENSION VS(250),FLA(500),NUMTAB(lOO}gNEXW(125),NSEX(125),HM(125)
DIMENSION LNO(250)tNLNNS(125),NGNNS(125) t

1,(P(12526),NUMTAB)_(P(12626),NEXW},(P(12751),NSEX),(P(12876|,MM)
EQUIVALENCE(P(12276),LNO),(P(12151),NLNNS},(P(12026},NGNNS)

TLIQI = TLIQ 1911103
TLIQ = TLIQI - DMCC*RLAM /SCLIQ 1911104

.............. t F(bt_C ;GE. O,O) GOTO 50 ............................ i911105 ....
IF(FMLU ,NE, 0,0) GO TO 50 1911106
IF(FMLA ,NE, O,O) GO TO 50 1911107

.....30_'- iF (MCNToEQ. O) RETURN ..............................

DO 35 I =I,MCNT
C MM(I} I=I,NO° OF SURFACE NODES,NO° OF SURF NODES =MCNT 1911109

.......... MT'_MM(I) .......... 1911110
32 HTX2 = MT+IX2 .--

P(MT ) = P(MT )-DMCC*RLAM/SCINT 1911111 ( .}
CONTINUE ............................ 1911112 ....
RETURN 1911113

50 IF(GAVITY ,EQ, 0,0} GO TO 60 1911114

TSURF = TLIQI -4,O*DMCC*RLAt.I /SCINT 1911116
IF (TSURF ,GE, TLSMAX) GO TO 30 1911117

60 tA LC-_E SE r( _ E_-Q7i _ .......................... 1911118
RETORN 1911119

0
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$1BFTC SURF

SUBROUTINE SURF
C Ab OF 61_U/6_

COMMON P(14OOG},TM(16),MAXT,MAXR,MAXC
COKMON /CONTR/ TLIQ,SCLIQ,TGAS,$CG_S,SCALL,TLSMAX,SCINT,TSGAS,

_UMUNI_)t_MLC_ILH;AAtlALLgFMLO_AV_IYtFK_9_EL'_LL,PL_ZN_MLU_FMLA_
2 ZXtCPX,TLA,GAMMA,RHOL,RHOG,CPL,CPG,RLAM,MCNT,PN,F_C,FMN,R

COM_,ON /CPNET/NTYPE:TKRAD,TKLEN,TEMPZ,NRAD,NCIR,NSECTtNTNK,
i T_TH_)tI_WALI_I_WALZ_|NODE_OUI9
2 FMCO,FNNO_F_OLC,VGAS,IGC,IPRESS,FNOLN,FNIN,FNAX,PMIN,
3 PMAX,FMOLX,TSAT,ANGLE,TX,PR,TANKV,

b KADI{4;,H_L_IL4J,LL_LUE;HhLIgHELPtHhL_
6 ,ISTRAT,SAREA,IOPTSX(5),FMULTF(5),STRINP(20}
7 ,GSOLD (2),TTOPBL(2),DLIQ ,NLSURF,ICALL
E_UIVAL fT'C."" {FI4JLIFII), FLI},(FMULIF{Z)tFLKL)

DI;4ENS:O _S{25G),FLA(500),NUNTAB(IOO},NEXW(125),NSEX{125),MN(125)
DIMENSION LN3f2_O),NLNNS(125),NGNNS(125)
hQULVALhNL_ (P[LSZbI_Vb),{P{13bOI},FLA)

I,(P(12526),NUNTAD),(P(12626),NEXW),(P(12751),NSEX),(P(12876},MM)
E&UIVALENCE(P(12276),LNO},(P(12151),NLNNS),(P(12026),NGNNS)
IF {KOUT.GE.2} '"w'RII_'{&,101)

101 FORNAT(14HOENTERING SURF )

IX4 = 2*MAXT+MAXR
NCNT = 0

TLSMAX = G,
TSGAS = O,
SCINT = O,

K1 = 1
K2 = 3

C KRES = 1 RADIAL

i C KRES : 2 CIRCULAR
._ C KRES = 3 AXIAL

KEYNOD = -1
ITIME : 0
KKK = NRAD/4
IINOD = INODE

88 DO 60 KRES =KI,K2

IF (KRES-2} 501,502,503
501 II = NCIR+NTNK

JJ = NRAD

KK = _KK
NDELT = 1
GO TO 510

50_. II = _CIR+_T_K+I
KK = KKK
NDELT = NCIR+NTNK+I

GO TO 510
503 II = NCIR+NTNK+I

KK = KKK-1

IF (KI.EQ,3) KK=_
_LT_.CNCIR+NTNK+II.NI---i,_-_"D_ ...............

510 t4 = 0
IF (II*JJ*KK,EQ.O) GO TO 60
DO 50 K=I,KK
DO 49 J=l,JJ

DO 48 I=l,II
M : M+I

• IF (KRES,EO, I,AND,I,GE,NCIR) GO TO 48
IF (I,GT,NCIR) GO TO 48
NODE = ?X-I+IINOD
NODI = NODE+RDELT

I.OCKHIB D B-29 i

1967020835-248



LR 18903

T&BLE B-I (CONTINUED)

IF (KRES.EQ.2.AND.J.EQ.JJ) NODI = NODI-NRAD*(NCIR+NTNK+I)
IF (KI.EQ.3; NODI = H-I+KEYNOD
NODEX4 = NODE+IX4
NODIX4 = NODI+IX4
IF (P(NODEX4}.LT.O.O.AND.P(NODlX4).GT.O.O) GO TO 41
IF {PINODEX4).GI.U.u.AND.PINODIX4}.LI.O.O) GO I0 42
GO TO 48

41 IF (TLSMAX.GE.P(NODI)) GO TO 412
IL_MAX = P{NOD1]
TSGAS = P(NODE)

412. NODX = NODI
GO TO 424

42 IF (TLS_AX.GE.P(NODE}) GO TO 422

TLSMAX = P{NODE}
TSGA_ = P(NOD1)

422 NODX = NODE

424 IF (MCNT.EQ.O) GO TO 428
DO 426 L:I,HCNT
IF (NODX.EQ.MM(L)} GO TO 48

426 CONTINUE
428 HCNT = MCNT+I

M_I(HCNT) = NODX
NODEX4= NODX+IX4
5CINT = 5CINT + P(NbDEX4)

48 CONTINUE
IF (KRES.EQ.I) M=M+I

49 _'ONTINUE

50 CONTINUE
60 CONTINUE

' ITIME = ITIME+I

IF (KEYNOD.EQ.-I) GO TO 200 {
IF (NTYPE.EQ.1) GO TO 160
IF (ITIME.GT.2} GO TO 190
KI = 3

K2 = 3
GO TO 88

160 IF (ITINE.NE.2) GO TO 170

K1 = 3
K2 = 3
GO TO 88

170 IF (ITIME.NE.3} GO TO 180
_ IINOD = INODE+(NCIR+NTNK+I}_NRAD_(NRAD/4+NSECT)

KEYNOD = IINOD-(N.CIR+NTNK+I)Wt_RAD

_K K = NRAD/4
KI = i
K2 : 3
GO TO 88

180 IF (ITINE°NE.4) GO TO 190

K1 = 3
K2 = 3
GO TO B8

190 CONTINUE
IF (KOUT.GE.2) WRITE (6,193)

193 FORMAT(ISH LEAVING SURF )
IF (TLSMAX.NE.O.O} GO TO 194

TUNK = TLIQ
IF (TLIO.EQ.O°O} TUNK = TGAS
TLSMAX = TUNK
TSGA5 = TUNK

194 RETURN
200 IF (NTYPE°EQ.I) GO TO 210

0

I.OCKHI[ =1) B-30

1967020835-249



_. "HEPRODUCILIBITY OF THE ORIGINAL PAGE IS POOR."

LR 18903

TABLEB-1 (C0NTZN_D)

KEY'_CD = I,,,.,,..,_
I],_;OS = (t';CIR4,':T:,:t+I):'-,':R".D-',_2//-, • + !'tOOt"

CO TC 83
21C ;<EY:<C_ = I;';ODE

! _ .... =-[7,.fi I ,+..T,,.,,+ 1 ) _:R,';5**274+Z,._,_E
KK,I = :'SECT
35 TO 88

....... E r_D....................

)
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TABLE B-1 (CONrI_ED) _ ,.

_h

$1BFTC RESET 2266000

SUBROUTINE RESET(T,ITE ) 2266001
C AS OF 7/28/65 22660DZ__.

C COMMON FOR RESET 2266003
COMMON P(14OOO)_TM(16)tMAXTtMAXRtMAXC_KSPgKST 2266004

.__ COMMON /CONTR/ TLIQ,SCLIQtTGAS,SCGAS,SCALL,TLSMAX,SCINT,TSGAS, 2266005 -
ICOMUN(5)_DMCC,TLMAX,TALL_FMLOgGAVITYtFKG,FKL,ZC,PC,ZNtFMLU_FMLA_ 2266006
2 ZXtCPXtTLA,GAMMA,RHOL,RHOG,CPL_CPG_RLAM,MC_TgPNgFMC_FMNtR2266007

......... COMMON /CP_E_/NTYPE_TKRAD_TKL£N_TEMPZ,NRAD_NCIR,NSECT._NTNK_ .... 2266008___
l TKTHK(5),TKWALI,TKWAL2,1NODE_KOUT, 2266009
2 FMCO,FMNO,FMOLC,VGAS,IGC,IPRESS,FMOLN,F'_IN,FMAX,PMIN, 2266010

.... 3__...........PMAX_FMOLX,TSATtANGLE, TX,PR_TANKV_ .......... 226601___
5 RADI(4},HELP(14I,LLFLOW,HELT,MFLP,HELW 2266012
6 ,ISTRAT,SAREA,IOPTSX(5)tFMULT_(5),STRINP(2_} 2266013

........ ] _SOLD .(2/JTTOPBL_2LjDLIQ _L_J-SURF,ICALL 2266014 _

COMMON /STR/ IDEST {I} 2266015
EQUIVALENCE (FMULTF(I}, FLT)9(FMULTF(2)_FLKL) 2266016

..... DIMENSION. VS_250)_FLA(500)_NUMTAB(IOO),NEXWIIZS)_NSEX(125},MM(125)2266017
DIMENSION LNO(250),NLNNS(125},NGNNS(125) 2266018
EQUIVALENCE (P(13251)_VS)_IP(13501),FLA) 2266019

I_(P(12526)_NUMTAB_(.12626)._BEXW),:_(.12751)_NSEX)_IP(_2876}_MM) 2266020
EQ_IVALENCE(P(12276),LNC)_(P(12151),_LNNS),(P(12026)_NGNNS) 2266021
IF (KOUT,CE,2) WRITE (6,101) ITE 2266022

i01 FORMAT(17HGEDL_ER_I_G RESET( J_l_IH_ ........... 2266023
IX4 = 2*MAXT+HAXR 226602_
IF (;TE,EQ,1 ,OR. ITE.EQ,3} IDEST(1) = 1 2266025

......IF_{ITE=NE_,4L._.GO TO i ....... 2266026
SCLIQ = O, 226602?
SCGAS = O, 2266028

TGAS = O, .... 226602q
TLIC = O, 2266030
TLMAX = O, 2266031 ""

i ITIME = I 2266032 _ i
II = _TNK +NCIR +I 2266033

JJ = NRAD 2266034
KK : NRAD / 4 - -- 2266035.
IINOD = !NODE 2266036

6 _ = 0 2266037
_. DO 5 K:I,KK 2266038

DO 4 J:l,JJ 226603q
DO 3 I=I,II 22660_0
M : M+I 2266041
IT = M-I +IINOD 2266042
ITX4 : IT+IX4 2266043
IF( I,GT, NCIR} GO TO 3 2266044
GC TO (80,BI,82_83_8_}_ITE 2266045

80 IF(P(ITX4 ),GT,O,) P{IT} :T 2266046

GO TO 3 2266047
81 IF(P(ITX4 ),LT,O.) P(IT) =T 2266048

GO TO 3 2266049
P? P(IT) : T 2266050

GO TO 3 2266051
B3 IF (P(ITX_),LT.O.) GO TO 834 2266052

SCLI_ = SCLIQ*PIITX_ 2266053
TLI_ : TLIO+P(ITX4I*P(IT} 2266054
TLMAX = A_IAX!(TLHAX,P(IT;) 226G055

GO TO 3 2266056
P3_ SCGAS : SCGAS-P(ITX_} 2266057

TGAS : TGAS-m(ITX_)_O(IT) 2266058

GO TO _ 226605q
_ IF (P(ITX_),LT.O.O) P(IT} : PIIT) p�2266060

0
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,_ TABLE B-1 (CONTF>;UED)

B C_!T; _!UE 2266061
4 CO_TINUE 226A062

5 CONTINUE 2266063
IF( ITT_4F oGT. I) 60 TO 18 2266G64

ITT_'_ = ITI_E +I 2266065

!INCD : II_JJ_KK +I 2266066
IF( NTYPE .EO° I) KK = NSECT 2206067
GO TO & 226606£

18 _IF( ITIH£ ,GT,2} G9 TO 19 2266069
IF( NTYPE ,NF° I) G9 TO !9 2266070
ITIHE : IT[ _,*_ + 1 2266071

_IINOD = II_JJ*(K< +t:RAD/4) +I 2266072
KK : NRAD/A 2266073
GO TO 6 2266074

19 GO TO ( 30,31,32,34,35),ITE._ 2266075
30 TLIO =T 2266076

TL"AY=T 2266077
...... GO TC 4_ .......... 2266078

31 TGAS :T 2266079
GO TO &O 2266080

_.32 TLI0 : T . . _ 2266081
TGAS = T 2266082
TLUAX = T 2266083
GO TO 40 226608_

t& TGAS : T6A£1£CGA_ 2266085
TLIO : TLTQ/SCLIq 2266086
SCALL : 5CLIQ+SCGt$ .... 2266087
IF (TGAS.FO°q.O_ TGAS = TL_Q ............. 226608.B
IF (TLIO,NF°O.O) GO TO 40 2266089

...... ILIQ __ TGAS .............. 2266090
TL_AX= TGAS 2266091

GO TO 40 2266092
--- _5 .... TGAS__._TGA$._._ .... 22660q3

"_ 40 IF (KOUT,GE,2, 'IRITE C6,137i ITE 226609_137 FORMAT(1714 LEAVING RESET( ,II,IH)} 2266095

...... J_.ETUR_I ...................... 2266096
EnID 2266097

LOCKH""O B-33

1967020835-252



I_R18903 i

!.

B-1 {
$1BFTC RAD{AT ........ 2266000

SUBROUTINE RADIAT (SU_,I) 2266001
C - __A_-OE __/28165 22663_2
C ASSUME COt4UN(1} CONTAI_S--It_D-I-CX_FOR-OF_;,H-i-CH--SECT:OtJ CO,"ITAIrIS SURF,2266003

COMt,ION P(140OO), M(16), KKKK(23), CC(12) 2266004
__CQ;_,_i_t_,_/_C_LT._L_!LIC,SCL.I_,T_AS_S_CGAS,SCALL,TLSMAX,SCINT,TSGAS, 2_6600.
I COMU,N (5 },D)_CC, TLH_ X, TALL ,F;ILO, GAV ITY,FKG,FKL, ZC,PC,ZN, Fr_LU, FVLA, 2266006
2 ZX,CPX, TLA,. A, . 4A, KIIOL, RII_G,CPL,CPG,RLAt A,_CNT,pN ,Ft"C,F_N, P22660h7
C.._Q_,S_Q/L_[C i?:,!F'.T/_hT Y.P.K_ YK_R_A.D_._T_LF._N_E_P,_Z_t_LR/3_D_ _CC_IR_ _E<T ,t<Tt_K, 2266008

1 TKIHK(5) ,TK',,'ALI,TKUAL2,1tIODE,KOUT9 226600t' i
2 FMCO,F:,INO,Ft,".OLC,VGAS,ICC,IPRESS,Ft.IOL_,F'._I_,I,F'.t_X,P._I ',,, 2266r)I0

3_ F_.t32_,EHOLX,ISAL_AH,_LE, TX__E_R ___KV , ...... 2266011
5 RADI(4),HELR(14} _LLFLOW,HELT,HELP,HEL'.,; 2266012
6 , ISTRAT, SARE,q, I9_TSX (5 ) ,Ft.IULTF(3 ) ,STRIP"P(20) 2266913
7 ____tCt_QI.J_ (2),TTOPOL(2),DL-I.Q_ ,,_LSURF,ICALL 2266014
DIHEt_SION V_(250),FLA(500),NU>!TAP(100),NEXVJ(125),,_ISEX(125),;?-I(125)22_6015
DI;I[t,SION LNO(250),NLt:NS(125),t_GNNS(125) 2266016

.E._OUI V_kLE_ECL_LP_[ l_ 251 )_ V5 ] LLP_{.135C_LL_FLAJ .... 2260GI?
1 ,(P(12526) ,NUMTAB) , (P (12526) ,NEXW) , (P[ 1275 I) ,i'4SEXi,(P( 12876) ,t't/,} 2266019
EQUIVALE,NCE(P(12276),LhO),(P(12151),NL:'ff;S) ,(P(12026),NG;_NS) 2266019

.EQJJ_IY_LE,.'_.E___LF__UJ-TZ.LI_Lt_FLID___/.E!tULT_E/_ rJ.J_............. 2266_20
C CO_.I'LN(I}=I 'F SURF, IS IN TOP HE_,'IS, OR ANGLE :90, DEGREES 2266021
C --2 IF SURF" IS IN CYLINDER (ILLEGAL FOR _.ITYPE=2) 2256022

__..C _____='_ IF gLJRF IS IN [!(3TTOf_,HF't._ISPHFRF__.................. 22.&&(32-3___.

C CO;,IU/'i(2)CONTAII','S D(HEIGHT OF _"JTTO,._CR TOP CURVED SECTION)2266024

C CGMU,%(3) CO_TAI,_S NR, OF EXPOSED WALL NODES 2266025
C .... ASSU,!r_-C_31-_L_"w-t_LY_A.S. '_Ro OF AtC_DE_-_AT.L&C._.ED]'C_'.,,tALl_NODES 22_.602& --

REAL '1 2266027
IF (GAVITY.EO,O,O,OR,RA.')I(1),EQ,O,C) r_o TO 70 2266023

_0 _.NFXP = CO;4UN(3)_-o_ .................... 2.26602g-

IF (_EXPoF'Q,O,CR,MCI'_T,FQoO) GO TO 70 2266030 .
50 FMCt_T : /4CNT 2266031 [ ,

S_T :. _, ...................... 2._f_6032 ._ --
DO 52 I:I,NEXP 2266033
II : NEXW(1) 22660_4

__ 52 ST : ST + P(II}**4 ..... 2266035
ST : ST/CO._IU_"(3} 2266036

SS : O, 2266037
.... DO 54 I=l,_tCNI _ __ 226603.,

II : M_(1) 27_66039

54 SS : SS + P(II}**4 2266040
_ S_- =-.SS/FMCNT . __ 2266C41

[PSI : 1,/ (I,/RADI{-3)+ I,/-RM;'I-}'_-)-_-"I,'i" 22660'_2
Q : RADI(1) * EPSI 'x '_,AREA m RADI(2) * (ST-SS) * :,I(5} l 3600,0 22660z_3

DT = Q/SCINT 22660t,_
DO 60 I:I,MCNT 22660_5
II : N,M(1) 22660_,6

60 P(II} : P(II)+DT 22660(L?
C CO_PUTE 5Ut! OF IT NODE-T WALL)/RES 2266048

TO II : 2*KKKK(I} 2266049
NEXT : CC,,IUN(_}+.l 2266050 ....

SUM : O, 2266_5I
DO 80 I:I,NEXT 2266052
NRE$ : V,OD(NSEX(I},IO30} 22_66.053_ .
NODE : (NSEX(I}-;,_R[S)IIO,.30 2266054

NRES : NRES_-II 2266055
80 SUM = SUt,l+((D(NODE+]}-P(NODE})/ P[t:RES)IWj'_[5) .... 2266_05_6___

RETURN 226605"7
E_ID 2266058

0
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) TABLE B-I (CONTINUED)

$1BFTC RECALC

SUBROUTINE RECAL'C(ITIME) RCC 002

COMMON P(I4OOO)IHT(16)tMAXTpMAXR,MAXC RCC 003
COM,_ON /CONTR/ TLIQ,SCLIQ,TGAS,SCGAS,SCALL,TLSMAX,SCINT,TSGAS,

£_OMU_L_I_UM_,I_MAA,IALL,PP;LU,bAVIIY,PKb,P_L_L_,pL,LNg_MLUtPMLA,
2 ZX,CPX,TLA,GAMMA,RHOL,RHOG,CPL_CPG,RLAM,MCNT,PN_FMC,FMN,R

COMMON /CPNET/NTYPE,TKRAD,TKLEN,TEMPZ*NRAD,NCIRtNSECT,NTNK,
T_Tn_t_,/_WAL_t/RWAL_,_NNUU_UUI,

2 FMCO,FMNO,FMOLCJVGAS_IGCtIPRESS,FMOLN,FMIN,FMAXtPHIN,
3 PMAX,FMOLX,TSAT,ANGLE,TX,PR,TANKV,

I_AULI_J,M_L_IL_;,LLPLUW_MLLI,H_L_,HLLW
6 ,ISTRAT,SAREAPIOPTSX(5},FMULTF(5},STRINP(20)
7 ,G$OLD (2)_TTOPBL(2),DLI_ ,NLSURFPICALL

L_UIVAL_ |P_ULIPtl], PLI| _|PMULIP(Z],PLR_)
DIHENSION V$(250),FLA(500)_NUMTAB(100},NEXW(125},NSEX(125},MH(125)
EQUIVALENCE (Pfl_251),VS),_P(l_501),FLA)

L,tHtlZ_ZO},_UMIA_},_P(1ZOZb},N_XW},IPtlZT_I),NS_X} _IPIIZU_b),MM]
E_UIVALENCE (IOPTSX(1),IRSTRT},(IOPTSX(2),IPTLIQ),
I (IOPTSX(3I,LIBTAP}

REAL L"N,MT,LIN RCC 007
IF (ITI,4E,NE,I} GO TO I
REWIND 9
REWIND I0
NTEMP5 = H_LB(12}+.l
DO 45 t=!,:_TEMPS

45 READ_) (VSiI))

READ (10) NRES

DO 46 I=I,_R_S
46 READ (9} (FLA{I))

_ ) REWIND 9
.. REWIND lO

IF (KOUT,LT,2) RETURN
WRITE (6,3) (FLAiI),I=Z,NRES}
WRITE (6,4) (VSiI},I=I,NTEMPS)
RETURN

1 IX3 = 2*MAXT
IX4 = IX3+MAXR

C FLT = 0.0
C FLKL = 1°0
C IF (LIBTAP,EQ°O) GO TO 4401
C FLT = 1.9865
C IF (GAVITY,E_,O,O) FLKL = 5.0

440_ INODE= INNOD
INSCVS ', 41
MAXNEX = 125

_{xp . o
NEXT = 0

C INSCVS=FIRST INSULATION CURVE NUMBER
RCO_ • R/144.
RNONC • RCOND
FORMAT(llHOL/A VALUES /(1X,lOE13.5))

4 FORMAT(8HOVOLUMES /(1X_IOE13.S) )
IF (KOUT.NE°O) WRITE (6_44)PR,TGA5,TLIQ,PN,PC

44 FORMAT(16HOENTERING RECALC ,5F10.3)

PI = 3,14159265 RCC 094
ITIM- 1 '" RCC 008
SUM -O,O RCC 009

___ DO 10 I=I,NTN K RCC O19
SUM =SUM+ TKTHK(I) RCC 011

10 CONTINUE RCC 012

LOCKHEED B-35
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DO 11 I=I,MAXT
ii PII} = PC1) -460.

FNRAD =NRAD RCC 013

FNCIR =NCIR RCC 014 !
FNSECT= NSECT RCC 015
KEYNOD = -i RCC 016

C IF CYLI,UER NTYPE=I IIF SPHERE NTYPE=2 RC( 017
PI2= 3.14159269*2.0 RCr 018
NRE5 =o RCC C19

C COMPUTE RADIAL RESISTORS FOR HEMISPHERE R_C 021

15 KK = NRAD/4 RCC 022
M = 0 RCC 023

KI = (NCIR+NTNK +i) RCC 024
JJ = NRAD RCC 025
Jl = NCIR + NTNK +I RCC 026
II = NCIR +NTNK RCC 027

DO 50 KI = I,KK RCC 028
K = KI-I RCC 029
DO 40 JI= 1,JJ RCC 030

J=Jl -I RCC 031
-- DO 30 I= 1,11,1 RCC 0_'_"

M : M+I RCC 033
NODE = M-I +INODE RCC 034
NODEI= NODE+I RCC 057

IFII- NCIR) 23,23,27 RCC 035
23 CALL FINDN(NODE,NODEI,NODN) 2266036

IF INODN .NE.O) GO IO Z_O 22"6"6"o"I'r
FK = LIN(PINODEI,NUMTAB(3)) *FLKL
GO TO 29 2266039

236 FK = BIVIPC,PINODN },_UMTKB{2i) + BIVIPN,PINODN ),NUMTAB124}) 2266040
IF (I.NE.NCIR| GO TO 29

NEXP = NEXP+_ _,,_"
NEXWINEXP) = NODEZ
GO TO 29 2266041

27 IT = (I-NClR-1I*3+INSCVS 2266042
FK = LIN|PINODE),NUMTABIIT|) 2266043

29 NRES = NRES+I 2266044

IF (IgNE.NCIR) GOTO 292
NEXT = NEXT+I

NSEX(NEXT) = NRES + 1000*NODE

_9_ JR = NRES+IX} 2266045
P(JR) = FLA(NRES)/FK 2266046

30 CONTINUE RCC 060

_i" _+l RCC O_

40 CONTINUE RCC 062
50. CONTINUE RCC 063

C CIRC, RES, HEMISPHERE
M = 0 RCC 064
II =II 065

, DO 80 KI -loKK .......... RCC 06§
K = KI-1 RCC 067
DO 70 JI =l,JJ RCC 068

J I ji- l , RCC 969
DO 60 I =l,II RCC O?O
M • M + 1 RCC o71

NODE - M +INOD_ - I RCC 072
NODE1 I NODE +NCIR +NTNK+ 1 RCC 073
IF(JI.EG,JJI NODE1 • NODE-(NRAD-1)*INClR .�h�RCC074
IFI I-INCIR+I)) 53.55,57 RCC 075

53 CALL FINDNINODE,NODEI,NO-_N) 2266076
IF (NODN,NE,O) GO TO 556 2266077
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FK = LI_,(P(NODE),NUMTAB(3}) *FLKL

GO TO 59 2266_79
5_6 hi = DIV('PC_F|N_U_J_F_UP41AD{Z) }+ _IV|P_4tP{_ODN),_UMIAB{Z4} } ZZ@608O

30 TO 59 2266081
55 FK = LIN(P(NODE),NUMTAD(18)) 2266082

GO' IO' 59 2266083
57 IF (I,NE.IT} GO TO 6C 2266084

FK = LIN(P(NODE),NUMTAB(27}) 2266085

JR = NRE$+IX3 2266087
P(jR) = FLAINRE$)/FK 2266088

_-- CC_iINug RCC 091
7C CONTINUE RCC 092
83 CONTINUE RCC 093

£ AXIAL l_hb, P:_;,lISP_5_
M = 0 RCC 094

KK =KK-I RCC 09_
IF {KK*JJ*_._Q.D| GO TO'lll

DO ii0 KI=I,KK RCC 096

K = KI-I RCC 097
DO 100 JI=l,JJ RCC 098

J = dI-1 RCC C99

DO 90 I=I,!I RCC I00
M=M+Z RCC
NODE = M-I+INODE RCC 101
NODEI- NODE +(NRAO)*iNCIR + N'NK + I} RCC 102
IF{I-NCIR-I} 83,85,87" RCC 103

g3 CALL FINDNINODE,NODEI,NG_N) 2266104

IF LNODN.NE.C} GO TO 836 2266105
FK = LIN(PINODE),NU_TAB(31} *FLKL

GO TO 89 2266108
836 FK = BIVIPC,PINODN),NUMTAB{2}} + BIVIPN,PINODN],NUMTAB(24) ) 2266109

GO TO 89 2266110
85 FK = LIN (PINODE),NU.,ITAu118]} 2266111

GO TO 89 2266112
J7 IF (I.NE.II} GO TO 90 2266113

FK = LIN (P(NODE],NUMTAB(2/)) 2266114

39 NRE5 : NRES+_ 2266115
JR = _RES+IX3 2266116
PIJR) = FLAINRLS)/FK 2266117

90 CONTINUE RCC 11_
-TC-O-'CON'TINUE RCC 119

110 CCNTINUE RCC 120
C CALCULATE CONDENSOR BLOCK LIST FO_ SPHERE RCC 121

111 CONTINUE "'"

M =0 RCC 122

KK = _RAD..L_ RCC 123
dd = NRAO RCC 12_
II = NCIR + NTNK + i RCC 125

DQ 140 KI- I,&K ......... RCC 12_
K -KI-1 RCC 127
CON =-SINIFLOATIKI*PlPIFNRAO) +SINIFLOATIK+IIePI2/FNRAD] RCC 128
DO 130 Jl- 1,dd RCC 129
J = JI-1 RCC 1291
DO 120 I =I,11 RCC i30
M = M+I RCC 131
_bD£ • M -1 +INOD-_ .......... R¢C 1_2
NODEX4= NODE+IX4
BUF • PINODEX_)

- ITTI-':-NClR'-:'T.I--I'T'J';II_;IT'F RCC _33
113 IF IBUF,GT,O,) GO TO 1136

)

LOOKN_O B-37

1967020835-256



LR 18903

'rAB B-1 ( ONTUED)

ZQ : BIV(PC_P(NODE)tNUNTAB(#))
ZR : BIV(PN,P(NODE},NUMTAB(6))
CPC = UIVIPCtPINODE)_NUHTAB(17))

1 -(FLT*ZQ!/FHOLC
CPN : BIV(PN,PINODE),NUMTAB(26))

1 -{FLT*ZR)IFMOLN

IF (CPC.LT°IO.E-5) CPC = CPN
P(NODEX4}= VS(NODE)/(P(NODE)+460.)*((CPC*PC*FNOLC)/(ZQ_RCOND)

1 +{CPN*PN*FMOLN]IIZR*RNONC) )
GO TO 120

1136 P(NODEX4)= VS(NODE) W LIN( P(NODE),NU?iTAB{14)) * LIN( P(NODE},
1 Nut-XT'_B{ 16 ) }
GO TO 120

115 P(NODEX4)= VS(NODE) i LIN(P(NODE),NUNTAB(19}) * LIN(P(NODE},

I NUMTAB(20_ )
GO TO 120

117 IF (I.EQ. II) GO TO 118
IIS = I-NCIR_I
IIC = (IIS-1)*3+INSCVS
P(NODEX4)= VS(NODE)/ITKTHK(IIS)+TKTHK(IIS+I)) * (

-- ITKIHK(II3}* LIN{P(NODE)tNUHTAU(IIC+ITTr-EIN(P{NODE)gNU_IAB(IIC+2))

2+TKTHK(IIS+I)*LIN(P(NODE),NUMTAB(IIC+4))*LIN(P(NODE),NUHTAB(_IC+5)

3 I)
"' GO TO 120
118 P(NODEX4) = VS(NODE) * LIN(P(NODE),NUMTAB(28)) * LIN(P(NODE)9

1 NUMTA5(29))

120 P{NCDEX4}=SIGN(P(NODEX4),BUF} •
8003 FOR_AT(5HDECOI,15,EIO.3t6OX) RCC 148

130 CONTINUE RCC 150
140 CONTINUE RCC 151

C TEST KEYNODE RCC 152 _"
C RCC 153
C RCC 154

C RCC 155
IF( KEYNOD.EQ.-I)GO TO 200 RCC 156
JJ : NRAD RCC 157

II = NCIR +NTNK + 1 RCC 158 :
M =0 RCC 159

C CALCULATE CONNECTING RESISTORS SPHERE TO SPHERE AND SPHERE TO RCC 160
C CYLINDER • RCC 161

DO 170 Jl =l_JJ RCC 162
J: J_-1 RCC 163 ]
DO IA I =1,1I PCC 164

__ M_: M41 RCC 165 |
NODE = M-1 +KEYNOD RCC 165 i

NODE1 = M-1 +INODE RCC 16R

IF (I-NCIR-I) 143,.145_147 RCC 169
143 CALL FIP_DN{NODEINODE19NODN) 2266169

IF (NOD_:.NE.O) GO TO 1436 2266170
FK = LIN(P(NODE),NUMTAB(3}) *FLKL

GO TO 149 22661?2
1436 FK = BIV(PC_P(NODN)_NUMTAB(2)} + BIV(PN_P(NODN)_NUHTAB(24)} 2266173

GO TO 149 2266174 I_"
145 FK = LIN(P(NODE)_NUNTAB(18)} 2266175

GO TO 149 2266176

..__47 IF (I.NE.II} GO"TO 160
FK = LIN(P{NCDE)_NUNTAB(27)) 2266177

149 NRES = NRES+I 2266178

JR = NRES+IX3 2266179
P(JR) = FLA(NRES}/FK 2266180

160 CONTINUE RCC 185

0
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17G CONTINUE RCC 186
190 NEeD =-i RCC 187

171 P(1) = P(I)+460.
IF (NEXP.LE.MAXNEX) GO TO 172

.... _VR_ i_{b,lf4'} N_XH

CALL EXIT

172 CO;4UN(3) = NEXP
Luxury(41 = _LX_
IF (KOUT.GE.2) dRITE (6,173)

173 FORMAT(15H LEAVING RECALC /(2415) )
I I_ rUKMAI tIZH!_AH°bl°bU = _'Ib)

RETURN RCC 192

200 IF(KTYPE.EQ.1) GO TO 201 RCC 193
KEYNOD: INODE RCC 194
lhODE = (NCIR + NTNK+I)*NRAD**2/4 +INODE RCC 195

GO TO 15 PCC 196
2Ul KEYNOD = INODE RCC 197

INODE = (NCIR + NTN_+lI*_AD_2/4 + INODE
C CALCULATE RESISTORS AND CONDENSORS OF CYLINDER 30DY RCC 199

M = 0 RCC 200
II = NCIR +NTNK RCC 201

JJ : NRAD RCC 202
KK = NSECT RCC 203
DO 230 KI =I,KK RCC 204

K = KI-1 RCC 205
DO 220 JI =l,JJ RCC 206
J = JI-i RCC 207

DO 210 I =i,II RCC 208
t4 = _4 +i RCC 209

_ NODE = M-1 +INODE RCC 210
.._ NODE1= NODE _1 RCC 211

IF( I-NCIR) 203,203,20? RCC 212
203 CALL FINDNINODE,NODEI,_ODN) 2266213

IF (NODN.NE.O) GO TO 2036 2266214
FK : LIN{P(NODE),NUMTAB(3)) *FLKL

GO TO 209 2266216
2036 FK = BIV(PC,P(NODN),NU_TAB(2)) + BIV(PN,P(NODN),NUMTAB(24)) 226621?

IF (I°NE.NCIR) GO TO 209
NEXP = NEXP+I
NEXW(NEXP) = NODE1

GO TO 209 2266218
2C7 IT= (I-NCIR-I)*3+INSCVS 2266219

FK = LIN(P(NODE),NUMTAB(IT)) 2266220
209 NRES = NRES+I 2266221

IF (NCIR.NE.I) GO TO 2092

.... _EXT : NEXT+_ ...
NSEX(NEXT) : NRES + IO00*NODE

2092 JR = NRES+IX3 2266222
P(JR) = FLA(NRES)/FK 2266223

210 CONTINUE RCC 235

M = M+I RCC 236
220 CONTINUE RCC 2)7

-230 CONTINUE RCC 238
II _II+l RCC 239
M : 0 RCC 240
DO 270 KI =I,KK RCC 241
K : KI-I RCC 242

DO 260 JI =itJJ RCC 243
J = JI-i R_'C 244
DO 290 I =l,II RCC 245

LOCKHeeO B-39
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M = M+Z RCC 246
NODE = M-I +INODE RCC 247
NODE1=' NODE'+NCIR +NTNK + I RCC Z48
IF( I -NCIR -1] 243t245,247 RCC 249

243 CALL FINDN(NODE,NO.OEI_NODN) 2266250
IF (NODN.NE°OI GC TO 2436 2266251

FK = LIN(P(NODEI,NUMTAB(3)) *FLKL
GO TO 249 2266293

Z436 FK = BIYIHEgPINODNIgNUMIABIZII + B1VIPNtPINODNItNUMIABIZ4) ) ZZ66ZS_
GO TO 249 2266255

%5 FK = LINIPINODE),NUMTAB(18)) 2266256

GO TO 249 2266257
247 IF (I.NE. III GO TO 250

FK : LIN (PINODE),NUMTAB(27)) 2266258

249 NRE5 : NRES+I 2266259
JR : NRES+IX3 2266260
PIJR) = FLA(NRES)/FK 2266261

250 CONTINUE RCC Z67
260 CONTINUE RCC 268
270 CONTINUE RCC 269

KK = KK-I RCC 270 I

IF (KK.EQ°O) GO TO 301
LEN =TKLEN /FNSECT RCC 271
M =0 RCC 272
DO 300 KI =ltKK RCC 273

K = KI-1 RCC 274
DO 290 JI =l,JJ RCC 275
J=JI-1 RCC 276
DO 280 I =1,11 RCC 277

N:M+I RCC

NODE = M-1 +INODE RCC 278 _
NODE1 = NODE +[NRAD )*(NCIR+NTNK+_) RCC 279 ._
IF(I -NCIR-1) 273,275,277 RCC 280

273 CALL FINDN(NODEPNODEI,NODN) 2266281
IF [NODN.NE°3) GO TO 2736 2266282
FK = LIN(P(NODE),NUMIAB(3)) *FLKL
GO TO 279 _266284

2736 FK = BIV(PCgP(NODN),NUMTAB(2}) + BIV(PNgP(NODN)gNUMTAB(24)) 2266285
GO TO 279 2266286

275 FK = LIN(P_NODE)PNUMTAB(I8)) 2266287

GO TQ 279 2266288
277 IF (I.NE.II) GO TO 280 2266289

FK = LIN(P(NCDE)tNUMTAB(27)) 2266290

_79 NRES = _RE$+_
JR = NRES+IX_ 2266292
P(JR} = FLA(NRES)/FK 2266293

280 CONTINUE RCC 293
290. CONTINUE RCC 294
300 CONTINUE RCC 295

C CALCULATE CONDENSORS F_.R CYLINDER RCC 296
301 KK =KK+I RCC 297

M : 0 RCC 298
DO 330 KI=I,_K RCC 299
K = KI-1 RCC 300
DO 320 Jl=l_JJ RCC 301

J = Jl-1 RCC 392
DO 310 I =l,II RCC 303
M =M+I RCC 304
NODE = M -I +INODE RCC 305
NODEX4 = NODE+IX4
BUF = P(NODEX4)

0
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IF(I-NCIR-1) 303,305,307 RCC 306
303 IF (6UF.GT,O.) GO TO 3036

L_ = UIViFL_P{NOV_]_NUMIA_{4))
ZR = BIV(PN,P(NODE),NUmTAB(6))'
CPC = BIV(PC,P(NODE),NUMTA_(17))

1 -(FLI*ZC_/FHCLC
CPN = BIV(P_,P(NODE),NUHTAB(26))
I -(FLT*ZR)/FMOLN

l_ IL_L.LToIU._--D} L_L = LH_
P(_ODEX4)= VS(NODE)/(P(NODE)+460.)*((CPC*PC*FMOLC]/(ZQ*RCOND)

1 +(CPN*PN*FMOLN)/(ZR*RNONC) )
GO JO 31u

3036 P(NODEX4)= VS(NODE).} LIN( P{ZODE},NUMTAB(14))* LIN( P(NODE),
1 NUMTAB(16})

GO I0 310
305 P(NODEX4)= VS(NODE)* LIN(P(NODE),NUMTAB(19))* LIN(P(NODE),

1 NUMTAE(20) )
GO I0 31U

307 IF (I,EQ,II) GO TO 308
II5 = I-NCIR-1
IIC = (IIS-1)*3+INSEVS
P(NODEX4)= VS(NODE)/(TKTHK(IIS)+TKTHK(IIS+I))* (

1TKTHK(IIS)* LIN(P(NODE),NUMTAB(II£+II}* LIN(P(NODE),NUMTAB(IIC+2))
2+TKTHK(II5+I]*LIN(P{NODE),NUNTAB(IIC+4)}*LIN{P{NODE),NUMTAB(IIC+5}
3 ))

GO TO 310
308 P(NODEX4) = VS(NODE)* LIN(P(NCDE),NUMTAB(28})* LIN(P(NODE),

1 NUMTAB(29))
310 P(NODEX4)=SIGN(P(NODEXk),BUF}

_. 320 CCNIINUE RCC 321
_ 330 CONTINUE RCC 322

II = NCIR + NTNK +l RCC 323
JJ = NRAD RCC 324
M : 0 RCC 325
DO 350 JI =l,JJ R££ 326
J = JI-i RCC 327
DO 340 I =l,II RCC 328

M = M+I RCL 329
NCDE : H-1 +KEYNOD RCC 330
NODE1 = t-l-1 +INCDE RCC 331
IF(I- NCIR -1) 343,345,347 RCC 332

343"--'C'A-LL FINDN(NODE,NODE1,NODN, 2266333
IF (NODN,NE,O} GO TO 3436 2266334
FK = LIN(P(NODE),NUHTA_(3)} *FLKL
GO TO 349 2266336

3436 FK = _IV(RE,P(NODE),NUMTA8(2)) + BIV{PN,P(NODE),NUtITAB(24)) 2266337
....... G.Q,.TQ 349 _26633_

345 FK = LIN (PINODE),NU_TAB'T18_) ..... 2266339
GO TO 349 2266340

347 IF (I,NE,II) GO TO 340 2266341
FK = LIN(P(NODE),NUMTAB(27)) 2266342

349 NRES = NRES+I 22663_3
JR : NRES+IX3 2266344
P(JR) = FLA(NRES)/FK 2266345

340 CONTINUE RCC 346
350 CONTINUE RCC 347

KEYNOD = INODE +(N"C'iR+NTNK+I)*NR-A-'D_%'{F{SECT_'I_ RCC 348
INODE : INODE +(NCIR+NTNK+I)*NRAD *NSECT RCC 349
GO TO 15 RCC 3_Q
END RCC 352

I
LOCKHEED B-41
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(CONTINUED) _ i,
TABLE B-I

$1BFTC FINDN 2266000
SUBROUTINE FINDN (NODEgNODEI,NODN) 2266001
A_ OF O_/lO/6_
COMMON P(14OOO),MT(16),MAXT_MAXR,MAXC 2266002
IX4 = 2*MAXT+MAXR 2266003

N = NODE+IX4 ZZ66004
N1 = NODEI+IX4 2266005

NODN = 0 2266006
J_ |_(_)oLIoUe/ _UUM = NUV_ L£_OOO!

IF (P(NI),LT,O,)NODN = NODEI 2266008
RETURN 2266009
END

0
LOCKHI[EO B-42
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TABLEB-I (CONTenD)
l

$IBFTC GEGVGC .............. 2Z66000
SUBRCUTINE GEOMGC(LTEST) 226600|

C AS OF 7/28/65 2266002
C IF LTEST IS NON-ZERO, THE TANK UNDER CONS!DERATION I_S DIy/DED.ZNTO_.__.2266003 _..
C NLO LAYERSt AND THE NODES IN ThE TANK ARE TESTED TO DETERMINE IN 2266004
C WHICH LAYER EACH ONE LIES, THE LAYER NUMBER OF THE NODE IS STORED 2266005
C IN TABLE LNO IN THE LOCATION CORRES.PONDING TO THAT NODE_ .............. 2266006_
C 2266007
C GECVVC CALLS GEOMVG OR GEOMG TO SET CAPACITOR VALUES OF THE TANK 2266008
C kOOES TO POSITIVE IF fHE NODE IS IN LIQUID.OR. NEGAT_I]yE_IF__THE_NODE 2266009__
C IS IN GAS. 2266010
C 2266011
C ALSO CCMPUTED ARE THE SURFACE AREA OF THE. _|._UID_JN_THE_._A_K ............ _2_60.|Z..
C (SAREA) IF ISTRAT IS NON-ZERO, AND THE HEIGHT OF THE LIQUID SURFACE2266013
C ABOVE THE LOWEST POINT IN THE TANK (DLIQ). 2266OX6
C ........................................ _226_gJ____

CCNMCN P(160001e M([6), KKKK(23), CC([2) 2266016
COMMCN /CPNETINTYPEtTKRADtTKLEN,TEMPZtNRAD_NCIRtNSEC1,NTNKt 22660[7

X TK.THK(SItTK_ALI,TKMAL2tlNODEtKOUTt_ _,___6_.6_0J_.__
2 FMCO,FNNOtFNOLCtVGAS,IGC, IPRESStFMOLNtFMINtFMAXtPMIN, 22660|9
3 PNAX,FMOLXtTSATtANGLEtT_tPRtTANKVt 2266020
5 .. RAOIi6ItHELB(X¢)tLLFLOWtHELT_H_LPe._ 7_,,._.6__0_7,._
6 t[STRATtSAREAtIOPTSX(5)tFNULTFiS)tSTRINP(20J 226_022
7 ,GSOLD (2),TTOPBL(2I,DLIQ ,NLSURF,ICALL 2266023

_ENS_N_S(25_,_LA(5_)_N_TAB(_1_)J_[xW_25_LNSE_(-.]_5LtMM_5_2266_4----`
-'- DIMENSION LNO (250),NLNNS (125),NGNNS (125) 2266025

EQUIVALENCE (P(13251I,VS)_(P(135OlItFLAI 2266026
ItIP(12526|,NUMTAB),(P(12626)fNEX_),J _[!2T_J_ff$_x).tl_|_J_T_J___L__.?._..6602..7

EQUIVALENCE (P(12276)tLNO ),(F(12151)tNLNNS)e(P(12026),NGNNS) 2266028
NLD = STRINP(5| + .1 2266029
LFLAG .= LTEST .............................................
IF (LFLAG) IO, IO00,1O 2266031

C IF LAYER NCS, ARE NOT TO BE COMPUTED, GO TO 1000o 2266032

O_ 20 I=ltN 2266036
20 LNO(I) = O 2266035

. .__ ZERO LAYER _UMBER+TABL_ ................. Z_L(_Q3._6.__
SAVVCL - VGAS 2266037
ISAVE - ISTRAT 2266038

........... |SIRAT s__ .- 2266039
C ZSTRAf SET TO 0 FOR LAYER NUMBER DETERMINATION. 2266060
C 2266061

_.C.... COMPUTE V_L_NEOF LAY_E_$ ..................................... _____O_Z ....
VOLLAY • TANKV/FLOAT(NLDI 2266063

C CCMPUTE LOCATION OF FIRST CAPACITOR VALUE |N TANK. 2266066

C DETERMINE LAYER NUMBERS. 2266066
_I=NLD 2266067

........... _Q.4Q..J_.L_ ...................... 2266____
VGAS= TANKV-FLOAT(II*VOLLAY 2266069
IF IVGASoGT,TANKV) VGA5= TANKV 22660_0

IF IANGLE.EQoO.OoOR.ABS(ANGLE).GE.9O.Ol GO 10 30 2266052
SANGLE • ANGLE 2266053

CALL GEOMVG 2266055
ANGLE • SANGLE 2266056

30 CALL GEOMG 2266058
32 K • HEL8_121 2266059

)
L.OOKHEEO B-43

1967020835-262



IL

Q_0___g _ IjK 2266060
KLT • NOOE2 �l�2266061"
IF (SIGNI|.OtPIKLT))) 39_33t33 2266062

34 LNO(L)'! 2266064
39 CONTINUE 2266065
AO CONTINUE 226606& -

C RESTORE VALUES OF VGAS AND [STRAT 2266067 .
VGAS = SAVVOL 2266068

]STRAT = [SAVE 2266069,,
N = NSEC/+2eNRAO/6 2266070
Ml " NCIR �p�`�l�2266071

K_T'__.__. 2266072
DO 200 I=ItN 2266073
00 2C0 LuI,NRAO 2266074
00 2_ K-I,M! 226607_
KLT = KLT • 1 2266076
IF (K.LE.NCIR) GO TO 200 2266077

.... _LK.._.L_._O 226_078
200 CONTINUE 2266079

C TESt FOR NODES iN LIQU[D OR GAS 2266080 |
...__.I_A_C,d,J_EQ.O.O.OR.ABSfANGLf..).GE,90.OI GO TO 1005 2266081

SANGLE = ANGLE 2266082
ANGLE = ANGLEIS7,29578 2266083

CALL GEDMVG ..... 2266084
ANGLE = SANGLE 2266085
GO TO 1020 2266086

1005 CALL GE.,(1._.... 2266087
1020 CONTINUE 2266088

VLIQ • TANKV-VGAS 2266089 --

__._s__J,_JJ_LyLIG/(TANKV/FLDATINLOI)) _1 ,, 2266090
IF (VGAS.LE°O.) NLSURF = NLD 2266091 "'
IF (VGAS*GE*TANKV) NLSURF " I 2266092
NLSURF _ M[NDINLSURF.NLOI 22_609_.
NLSURF • MAXOINLSURF,I) 2266096
RETURN 2266095
END 2266096

[]

C)
i
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TABLE B-I (CONTr_TJED)

$1BFTC GEOMG
S_BROUTINE GEOMG

C Ab OF'6TSU/65

COMMON P(14000),TM(16),MAXT,HAXR�MAXC,KSPtKST
COMMON /CONTR/ TLIQ tSCL IQ, TGAS,SCGAS,SCALL,TLSMAX,SCINT tTSGAS,

...._"_Oi4U_ { _ ; _ _M_C t I _MAX t I,AL'L t h_Lg _ _AV_YY_"_'K_KL9 ZL _ P'_ tZN t _ML'b't h_'LA

2 ZX, CPX, TLA, GAMMA, RHOL JRHOG _CPL _CPG, RLAM _HCNT, PN ,FMC,FMN_R
COMMON /CPNET/NTYPEtTKRAD_TKLEN,TEMPZtNRADtNCIRtNSECT,NTNKt

2 FMCO,FMNO,FMOLC,VGAS,IGC,IPRESStFMOLN�FMIN_FMAXjPMIN9
3 P;4AX_FMOLX_TSAT,ANGLE,TX,PR,TANKV,

5 RADI(4)tHELB(14),LLFLOW,HELT,_E'LP,HELW
6 ,ISTRAT,SAREA,IOPTSX(5},FMULTF(5),STRINP(20)

_GSOLD (2)_TTOPBL(2}_DLIQ ,NLSURF,ICALL
'L_UIVALENCE (FMULTF(1}_ FLT}_{FMULTF_2)_FLKL)

C SJ_EOUTINE TO OETERMINE WHETHER NODE IS IN LIQUID OR GAS PORTION 19110
C OF TANK NODE IS NEGATIVE(-} IF IN GAS GRAVITY CASE ONLY 1911005

EQUIVALENCE (V,VGAS_, (GAVITY,GAV)
DIMENSION TH(65)
DIMENSION VS(250),FLA(500),NUMTAB(IOO},NEXW(i25),NSEX(125),MM(125)
EQ_IVALENCE (P(13251),VS},(P(13501),FLA)
1,(P(12525),NUMTAB),(P(12626),NEXW),(P(1275I),NSEX},(P(12876),MM)

Pl = 3.14159265
IXl = 0
IX2 : MAXT

IX3 = IX2+MAXT
IX4 = IX3+MAXR
IXD : IX4+MAXC

IX6 = IX5+I4AXC
EPSILN : .01
LIQJID = 1

9003 FORHAT(10E13,5)
900_ FORMAT(lOI13}

DO 10 I=I_MAXC
II = I+IX_

10 Pill) : ABS(P(III)
FNRAD : NRAD

FNCIR = NCIR
FNSECT: NSECT
NT : 6

8002 FORMAT( _17)
VP = 2.0/3.0.PI *TKRAD_*3 1911145
IF (ANGLE.NE.O.O) GO TO 500

IF(NTYPE.FQ. i} GO TO _OO 1911146
IF( VP.GT. V) GO TO 230 1911147

=0 1911148
IINOD = INQDE 1911149
11 = NCIR + NTNK +1 1911150
JJ = NRAD 1911151

_K : _A_ _ _911152
DQ 205KI:I_KK 1911153
DO 2C5Jl=l_JJ 1911154

DO 2051 =i_II 191.I1541
M :M+I 1911155
NODE = ( M-I +IINOD ) .1911156
NODEX4 : NODE+IX4
IFII,GT,NCIR) GO TO 205
P(NODEX4 ) = -P(NODEX4 }

205 CONTINUE 1911158
IF (V.NE.VP) GO TO 206 2266159
DLIQ = TKRAD 22661591

LOCKHee 0 B'45
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TABLE B-I (CONTINUED) _ , _

$AREA = PI*TKRAD**2 226615q2
GO TO 8000 22661593

-- ZU8 CONIINUE 2266159 _
IC = 1 1911160

VT = 2,0*VP- V
;1NOD : II*JJ*KK+I 1911161
M =0 1911162
GO TO 210 1911163

Z}U i_= V 1911184
M = 0 1911165
II = NCIR +NTNK +I 1911166
jj 'n _A_ 1911167

KK = NRAD/4 1911168
VT=V

I1NQD"' = INODE 1911169
C SOLVE FOR HEIGHT OF SPHERE IN THE GAS 1911170

210 TH(Z} =2,9 _"
" THiZ) =l,g

TH(3) =OoG
TH(4} =60,C
D=O.O

DX= TKRADI31,O

DO 211 I=i,60,2
D = D +DX
TH(I+5) =D
TH(I+4) =PI*D**2*(3,O*TKRAD-D)/3,O

211 CONTINUE
CALL XTRP (VT,DoO,O_TH}
CONUN (I) = i,
COMUN (2)'= D .e_
H= TKRAD-D _ _
DO 225 KI=ltKK 1911172 *_
K = KI-I 1911173
DO 220 Jl=l,JJ 1911174

J = Jl-i 1911175
DO 215 1 =i_II 1911176
M = M+I 1911177

IF(I ,GT, NCIR) GO TO _15 1911178
NODE = M-I +IINOD +INODE -I 1911179
NODEX4 = NODE+IX4

IF ( IC ,EQ,I).P(NODEX4 ) = -P(NODEX4
FLOA=SQRT(FLOAT(1)-,5)/SQRT(FNC]R)*TKRAD

FLO = FLOAT(K}+,5
IF( H=LT° FLOA *5IN(2eO*PI*FLO /FNRAD)) 1911181

1P(NODEX4 ) = -P(NODEX4 )
215 CONTINUE 1911184
220 CONTINUE 1911185
225 CONTINUE 1911186

5AREA =PI*iTKRAD**2 - H**2) 22661881
IF (IC,EQ,O) GO TO 226 22661862

DLIQ = O 22661863
_0 TO 8_00 22661864

22b DLIQ = TKRAD + _ 22661865
GO TO 8000 1911187

300 II = NCIR +NTNK + I 1911188

JJ = _R_D 1911189
KK = NRAD / 4 1911190

IF{ VP,GT,V; GO TO 350 1911191
IINOD = INODE 1911192
M = O 1911193
DO 303 K1 =loKK 1911194

LOCKHEED B-46
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DO 303 Jl =l,JJ 1911195
DO 303 I =l,II 1911196
M = M+I 1911107
IF(I.GT. NCIR ) GO _0 303 1911198
NODE = ( _:-i +IINOD +INODE -1) 1911199

NODEX4 = NODE+IX4
P(NODEX4 ) : -P(NODEX4 )

303 CONTINUE 1911201
COMUN (i) = 2.
IF (V,NE,VP) GO TO 304 2266233
SAREA = PI* TKRAD**2 22662031
DLIG = TKRAD + TKLEN 22662032
GO TO 8000 22662033

304 CONTINUE 22662034
VPP = PI* TKRAD _'2 * TKL_N 1911204
M=O 19112041
IINOD =II _ JJ * KK + INOD£ 1911205
KK = NSECI 1911206
DO 330 K1 = 1,KK 1911207

K = KI-I 1911208
DO 325 Jl = IPJJ 1911209

J=Jl-i 1911210
DO 320 I =i_II 1911211
M = M+I 1911212
IF(I,GT. NCIR} GO TO 320 1911213
NODE = ( M-I +IINOD +INODE-I) 1911214

NODEX4 = NODE+IX4
P{NODEX4 , = -P(NODEX4 )
IF(VPP+VP -V ,LE°O,O} GO TO 318 1911215
FLO = (FLOAT(K)+.5}*TKLEN/FNSECT

i IF( FLO ,GT, TKLEN -(VPP+VP-V}/PI/TKRAD**2 ) 1911216
IP(NODEX4 ) = -P(NODEX4 )

318 CONTINUE
320 CONTINUE ]911219

325 CONTINUE 1911220
330 CONTINUE 1911221

IF (VPP+VP-V.GE°O.O) GO TO 385
IINOD = (NTNK +NCIR + I}*NRAD *(_RAD/4 +NSEET) + INODE 1911223
KK = NRAD / 4 1911224

M = 0 1911225

VT : VPP + 4_3_VP-V
COMUN (i) = 3,

IC =I 1911227
IF ((ABS(VT}-EPSILN).LE.O,) LIQUID = 0
GO TO 360 1911228

350 II = NCIR +NT_IK +1 1911229

COMJt4(i)= _.
M =0 1911230
IINOD =INODE 1911231

K_ = NRA_ /_ , 1911232
JJ • NRAD 1911_33
IC =0 1911294
VT=V

360 TH(1} =2,0
TH(2) =I,0

TH(3} =0.0
TH(4) -60,0
D=O,O
DX= TKRAD/31oO
DO 361 I=io6012
D • D +DX

I.OCKHllED B-_7
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TH(I+5} =D
THiI+4) =P!*D**Z*(3,0*TKRAD-D)/3,0

_bl _UNIINUL
CALL XTRP (VT,D,0.0,TH)
COMUN (2) • D
H" IKRAD-D

DO 380 KZ =I,KK 1911236

K • K1-1 1911237
VU 313 JA _t@d ZVZZ_ffi

d = J1-1 1911239
00 370 1 =I,II 19. L240
M = M+I 1911"2"1_'--
IF( I,GT,NCIR) GO TO 370 1911242
NODE = M-I +IINOD 1911243
NOD_X4 • NODE+IX4
IF(IC,EQ,Z} P(NODEX4 ) • -P(NODEX4 )
IF (LIQUID,CO,O} GO TO 370
FLOA•_RIIFLOAI(II-,_I/_CRT(FNCIRlelKRAD
FLO = FLOAT(K) + ,5

IF(H ,LT, FLOA eSIN(2,_ _ Pl eFLO /FNRAD]} 1911245
1P(NODEX4 } = -P(NODEX4

370 CONTINUE 1911248
375 CONTINUE 1911249i

_SU £ONIINUE 1911Z_0
385 IF (V,GT,EPSILN) GO TO 390

5AREA = Oo
DLIQ = TKLEN +2o"TKRAD'

GO TO 8000
390 IF (V,LT,TANKV-EPSILN) GO TO 400

5AREA • O,
DLIO • 0, "_'
5n TO 8U00 _ +

4"4"_---1_r"_V,NE,VP+VPP} GO TO 420 22662501
bLIG = TKRAD 22662502

5AREA • PI*TKRAD**2 , 226625Q3
GO TO 8000 22662504

420 IF (V,GT,VP] GO TO 430 22662505
_IQ • TKRAD +TK_N + H _2506
SAREA • PIe (TKRADe*2 - H"*2) 22662507
GO TO 8000 22662508

430 IF (V,GT,VP+VPP) GO T9 440, _662509
SAREA • PI* TKRAD**2 226625_0
DLIQ = TKRAD - (V-VPI/IPIeTKRADe*2} + TKLEN 22662511
_Q TQ _000 22662512

440 DLIO • D 22662513
SAREA • PI*(TKRAD**2- Hee2} 22662514
GO TQ 8000 22662515

500 IF (ABS(ANGLE),NE,90,0] GO TO 1000 2266252
IF (ANGLE} 501,501,502 22662521

501 _EGSW = 0
GO TO 503 226625_4

502 NEGSW • 1
5AVEVO • V
V • TANKV-V

503 CONTINUE 22662526
COMUN (1} • 1,
VP • 2,013,0"PI *TKRADee3 +PI/Z.0eTKRADee2eTKLEN 1911253
IF(V-VPI 550,510,590 1911254

510 THETA • Pl 1911255
COMUN(2)=TKRAD ' ----
T1 • Pl/20

h _m

0
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T2 = 3,*Pl/2o
lC = I 1911258
GO TO 620 1911257

550 VT = V 1911258

IC = 1 1911Z59
GO TO 6UU 1911260

590 IC = 2 1911261
VT = 2,3*VP -V 1911262 '
IP {A_b_VII-EP_ILN,LE,U,UI L|_UID =

C TH(1) =2.0 19112U3
TH(2) :I.0 1911264
|H{_) :U,U 191126_

TH(4} = 60,0 1911266

,, D = 0.0 1911267
DX = TKRAD/3i,U 19112(0
DO 605 I = 1,60 ,2 1911269

D = D+DX 1911270
TH(I+5) = D 1911271

C THiI+4) = 2.O/3.0*PI*D**2*(3,0*TKRAD-D) +TKLEN*(-({TKRAD-D)*

C 1 SCRT(TKRAD**2-(TKRAD-D)**2) **2*ASIN(ITKRAC-D)/TKRAD)|)
TKD = TKRAD-D

R$Q = TKRAD**2
THII+4) = PII3,*D**2*(3.*TKRAD-D}+TKLEN*(PI*RSO/2.- (TKD*
1 5QRT{R_Q-TK._*ZJ + R_Q*ASINITKD/f"_RAD)))

60_ CONTINUE 1911274
CALL XTRP(VT,THETA, O.O,TH) 1911275
COMUN(2)= THETA

THETA =ACOSi(TKRAD-THETA)/TKRA_)*2.0

IF(IC,NE.2} GO FO 611 191127(
T1 = THEIAI2.0 "i'_

-- T2 - 2,0*Pl - THETA/2,O 1911278
'"'# GO TO 62_ 1911279

611 II = PI -tHEf_l_".O 1971Z80
T2 = PI +','HETA/2,0 1911281

620 II = NTNK +NCIR +i 1911282
JJ • q_'_'_ 1911283
KK = NSECT 1911284
M = 0 1911265
IINOD " II*J.I*I_RAEI4) +INODE 1911286
H$ • TKRA ...... HETA/2,0} 1911287
DO 640 K1 =I,KK 1911288
K =KI_I 1911289
DO 635 J! "l,JJ 19112_9

4 -Jl--_ 19_129l
FLO - FLOATIJ) + .5
DO 63C 1 &l,lI 1911292

.. M - M Œ�19112_3
IF! I,GT,NCIR} GO TO 630 1911294
NODE - M-I +IINOD +INODE -1 1911295
NODEX4 = NODE+IX4
IF (NEGSW,EQ.I) PINOgEX4)- - PINODEX4) 2266296"_
IF( IC,E_,2} 60 TO 624 1911297

IF( TI.GE, 2,0*PIiFLO /FNRAD ,OR, 2,0*_I*FLO .'F'NRAD.GE.T2)1911298
1 GO TO 629 1911299

HP • H5 el,0 /CO5(ABS(Pl -2,0tPI /FNRADoFLO )) 1911300
FLOA=$QRT(FLOAT(I)-.5)/SQRT(FNCIR)_TKRAD
IF(FLOAoGT=HP) P(NODEX4 ) • -P(dODEX_ )

GO TO 629 _911302
624 P(NODEX4 ) " -P_NODEX4 )

IF (LIQUID,EQ,01 GO TO 629
IF{ TI,LT, 2,0tPIIFLG IFNRAD ,AND, 2,0#Pl *FLO /FNRAD ,LT,19!1304

t.O@KS"Zm B-49 '
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I T2 } GO TO 629 1911305
HP = HS *i,0 /CO5(ABS( 2.0*Pl /FNRAD*FLO )) 1911306

_ LUA--SL_I<I (I-L_A I I I )--,b )/_E;f( I {I-NLIR|*IKRAJ

IF(FLOA.GE,HP) P(NODEX4 ) =-P(NODEX4 ) 1911307
629 CONTINUE 1911308 ._

83u CDNIINUE 1911309
635 CCNTINUE 1911310
640 CONTINUE 1911311

I INUL} = II_IUQt 1911311
KK = NRAD /4 1911313
IMET = 0 1911314
rq = 0 IVIIJlD

650 DO 670 KI=I,KK 1911316
K =KI-I 1911317
I-LO : FLOAT{K) + ,5
DO 665 Jl=l,JJ 1911318

J = Ji-1 1911319
DO bbO I =fill 1911320
H = M+I 1911321
IF( I,GT,NCIR} GO TO 660 1911322
NOD_" =M-I +IINOD +INODF -I 1911323

NODEX4 = NODE+IX4
IF (NEGSW,EQ,I) P(NODEX4)=- P(NODEX4} 22663241
TJ = 2,0* PI*(FLOAT{J)+,5)/FNRAD

IF(IC,EQ,2) GO TO 654 1911325
IF( TI,GE,TJ ,OR. TJ,GE, T2) GO TO 659 1911326
SEC =I,O/COS(ABS(PI -T J)) 1911327
HP = HS*SEC/CO5( FLO *2,O*PI/FNRAD)
F'.OA=SQRT(FLOAT( I }-,5)/SQRT(FNCIR}*TKRAD

IF (FLOA,GT,HP) P(NODEX4 ) =-P(NODEX4 | 1911329

GO TO 659 1911330
654 P(NODEX4 I =-P(NODEX4 | _

IF( TI.LT,TJ ,AND, TJ,LT,T2) GO TO 659 1911332
SEC =1.0/COS( TJ)
HP = HS*SEC/CCS(FLO *2,0*PI/FNRAD)

FLOA=SQRT {FLOAT (I )-. 5 |/SORT( FNCIR )*T.KRAD
IF (FLOA.GE.HP} P(NODEX4 ] =-P(NOBEX4 } 1911335

659 CONTINUE 1911336
660 CONTINUE 1911337
665 CONTINUE 1911335

670 CONTINUE 1911339
IMET =INET+I 1911340
IF(I_ET,GT,I) GO TO 7000 2266341
M =0 1911342
IINOD =(NTNK+NCIR+I)*NRAD*(NRAD/4 +NSECT ) +INODE 1911343

GO TO 650 1911344

....koo_9..oGO_TO__O ......
7000 IF (NEGSW,EQ,I} V= 5AVEVO

IF (V,'GE,EPSILN) GO TO 7100
SAR_ =_, ,
DLIQ = 2,,*TKRAD
GO TO 8000

7100 IF (V,LT,TANKV-EPSILN)'GO TO 7200
5AREA = O,
DLIG = O,

GO TO 8000
7200 CONTINUE

HEIT = TKRAD- COMUN(2} 22663461
5AREA = PI*{TKRAD**2- HEIT**2}. + 2,*TKLEN*SQRT(TKRAD**2-HEIT**2) 22663462

"- DLiG = _'_tUN(2) 22663463
IF (V,LI,VP| DLIQ • Z,*TKRAO - COMUN(2| ........... _F_-46-4

8000 RETURN
C1000 COMPUTE FOR ANGLE NE TO 0 OR 90 1011347

END 1911348

i Hi 0
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$1BFTC XTRP
SUBROUTINE XTRP(XgY,Z,CV)

c Ab Or UD/LD/69
C M_NIMUM STORAGE VERSION, X MU3T INCREASE

DIMENSION CV(65)
AX=X
AZ=Z

CV(3)=O,
/_V:_
O0 TO 2000

lObO A=CV{6)
1045 Y:A

9999 RETURN
C UNIVARIATE QUADRATIC
2000 N=CV(4}+4,

IF (CV(5)-AX) 2010,1050,2200
2010 DO 2015 I= 9,N,2

IF (CVII}-AX) 201_,2U20,2020
2015 CONTINUE

GO TO 2225
ZUZU IF I_V(I-_|-CV{l-4)J 2025,2250P2029

C COMPUTE
2025 A=CV(I-3)+(AX-CV(I-4)}*((CV(I-1)-CV(I-3)i/(CV(I-2}-CV(I-4))+(AX-CV20072930

I(I-ZJIIiCV(LI-(V(I-4})*LiCV(I+II-CViI-I))I(CV(II-LV(I-ZJ)-(_ViI-I 1609Z94
2)-CV(I-3))/(CV{I-2)-CV(I-4)))) 1609295

GO TO I045
C EXIRAPOLAIION
2200 CV(3)=I,

_) Z=9. IF (CV(2)) 2025,999992025
2225 CV(3}=I,

I:N-I
IF (CV(2)) 2025,9999t2025

2250 I=I+2
GO TO 2025
END

d')

LOOKHEEO B-S1 !
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$1BFTC GEOMV 2266057
SUBROUTINE GEOMVG 2266058

C A5 OF 05/05/65
C GEOMVG SETS CAPACITOR VALUE OF NODE POSITIVE IF NODE IS IN LIQUID 2266059
C OR NEGATIVE IF NODE IS IN GAS. 2266060

LUMMUN _tL4UQU|_ MtlbJJ RKRE_}It EERIE)
COMMON /CPNET/NTYPEoTKRAD,TKLEN,TEMPZtNRA_,NCIR,NSECTJNTNK_

I TKTHK(5),TKWALZ_TKWAL2tINODEtKOUTt
rMLU_MNVtDMULLtVbA_,IbL,IPK_33,rMULN_MINtrMAA,PMI_,

3 PMAXtFMOLX_TSAT,ANGLE,TX,PR,TANKV,
5 RADII4),HELB(14),LLFLOW,HELT,HELP,HELW
b ,IblKAI_bAKEA,IU_I_XtS),FMULIFIS|,blRINP_ZO)
7 ,GSOLD (2)_TTOPBL(2)gDLIQ _NLSURFgICALL
COMMON /GEOM/ GSINTtGCOSTtGRC,GVI,GV2_GV3,GDVI_GDV2tGPIE,GVOL 2266063
bURF (ERR} = C_bQRI(AMAXIiO,OgRW_2-C_2}} + R_2 t K_IN IAMAXI{ 22660631

I -1.Or AMINI(C/RtI,O))) 22660632
RLPRIM(RC,AL} = SQRT(AMAXI(O.O,RC_2-AL_2}) 22660633
KASE = 0 2266064
INDKTI=O 2266065

GPIE = 3,1415927 2266066
HFPIE =I.5707963 2266067
IF (NTYPE.NE,I) GO TO I000 2266068

IF (VGAS} 5,5,_ 2266069
C IF TANK I5 FULL, INDKT1 =1, A-_ NODE5 ARE POSITIVE, 2266070

5 INDKTI=I 2266071
ALTITD = 2,_TKRAD + TKLEN_COS(ABS(ANGLE)) 22660711r
GO TO 100 2266072

6 IF (TANKV-VGAS} 7,7t8 2266073
C IF TANK IS EMPTY, INDKT!=2t ALL NODES ARE NEGATIVE. 2266074

7 INDKTI=2 2266075 t;
ALTITD = O, 22660751

GO TO lOO 2266076
C COMPUTE QUANTITIES FOR GEOM COMMON 2266077

8 THETA = ABS(ANGLE) 2266078
GSINT = SIN(THETA} 2266079
GCOST = COSITHETA) 2266080
GRC = TKRAD 2266081
VLIQ = TANKV-VGAS 2266082i

C 2266083
C COMPUTE VERTICAL HEIGHT OF TANK AT ANGLE THETA 2266084

C 2266085
HEITHT = 2,_TKRAD + TKLEN_GCOST 2266086

C 2266087
C COMPUTE HIGHEST POINT OF BOTTOM HEMISPHERE (HEITHA) AND LOWEST 2266088
C POINT OF UPPER HEMISPHE'RE (HEITHB), 2266089
C 2266090

HEITHA = TKRAD,+ TKRAD_GSINT 2266091
HEITHB = TKLEN _ GCOST +TKRAD - TKRAD_GSINT 2266092

C 2266093

C COMPUTE VOLUME 3_ THE VOLUME OF THE HEMISPERICAL SEGMENT AT THE 2266094
C BOTTOM OF THE TILTED HEMISPHERE, 2266095
C 2266096

CALL VOLUM3 2266097
IF (VLIQ - GV3) 19 _18, 20 2266098

18 ALTITD = GRC- GRC_GSINT 2266099
C VOLUME OF LIQUID = VOLUME 3, 2266100

INDKTO = i 2266101
KASE =I 2266102
GO TO 100 2266103

C VOLUHE OF LIQUID IS IN VOLUME 3, 226610_
19 GVOL = VLIQ 2266105

e
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INDKTO = 1 2266106
GO TO 25 2266107

VOLUMt UP LIQUID GRLAItR IHAN VOLUME 3, IE31 VOLUME OF GAb, gZ6610B
20 IF (VGAS- GV3) 22,21,40 2266109

VOLUME OF GAS = VOLUME 3 2266110
Zl ALIII9 = HEIIHI - ORE + GRC*GS1NI Z266111

KASE = 1 2266112
INDKTO = 2 2266113
_u ig iuu _z66114

VOLUNE OF GAS IS IP VOLUME 3, 2266115

22 GVOL = VGAS 2266116
INDKIU = Z _266117

25 KASE = I 2266118
GUESS = HEITHA/2, 2266119
CALL tALL IKAb_, bUtb3, ALl ,ZZbG1ZO
IF (INDKTO-2) 26927,27 2266121

26 ALTITD = GRC - AL 2266122
bo Io 1uu ZZ661Z3

27 ALTITD = HEITHT -GRC + AL 2266124
GO TO 100 2266125

2266126
LIQUID LEVEL IS NOT IN UPPER OR LOWER HEMISPERICAL SEGMENT_ TEST 2266127
IF HEiGTH B IS LESS THAN HEIGTH A, 2266128

2266129
40 IF (HEITHB-HEITHA} 70,41941 2266130

2266131
41 VOLA = GPIE*GRC**3*(2,/3, + GSINT/GCOST) 2266132

2266133

TEST IF LIQUID SURFACE IS IN CYLINDERAND ONE HEMISPHERE. 2266134
2266135

IF (VLIQ -VOLA) 43,42,44 226"_36
VLIQ = VOLA, SET KASE = 3 TO SIMPLIFY SURFACE AREA CALCULATION 22_

42 ALTITD = HEITHA 2266
KASE =3 2266_
GO TO 100 226614_

VLIQ 'LESS THAN VOLA, SURFACE IN CYLINDER AND LOWER HEMTSPHERE, 2266141
43 INDKT2 = 1 2266142

GVOL = VLIQ 2266143
G0 TO 47 2266144

TEST IF LIQUID SURFACE IS IN CYLINDER AND UPPER HEMISPHERE 2268145
44 IF (VGAS- VOLA) 46,45,60 2266146

'VGAS =VOLA, SE_ KASE =3 TO SIMPLIFY "_'UR---_A-CE_-A'I_'_'-COMPUTATION 2266 4"[_7-
45 KASE =3 2266148

ALTITD = ItEITHB 2266149
GO TO 100 2266150

VGAS LESS THAN VOLA, SURFACE IN CYLINDER AND UPPER HEMISPHERE 2266151

46 INDKT_ =_ -- 2266152
GVOL - VGAS 2266153

47 KASE = 2 2266154
GUESS -0, _66155
CALL EACL (KASE,GUESS,_L) 2266156
IF (INDKT2 -2} 48,49,49 2266157

48 ALTITD = GRC -AL 2266158
GO TO 100 2266159

49 ALTITD = HEITHT -(GRC -AL) 2268160
GO TO 100 2266161

C .......... 2266162
LIQUID SURFACE IS IN CYLINDER ONLY 2266163

C 2266164
_ VCYL = VLIQ 'VOLA 226'GZG'6_--

CYLL " VEYL/(GPIE*GRC**2) 2266166

K H IllO B-53
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ALTITD = HEITHA + CYLL_GCOST 2266167
KASE =3 2266168 _

GO TO 100 2166169 :,_
C HEIGTH B IS LESS THAN HEIGTH A, LIQUID SURFACE MAY BE IN BOTH THE 2266170 {
C UPPER AND LOWER HEHISPHERES, 2266171
C 2266172 _'

70 ALA = GRC-HEITHB 2266173 '_
CALL VOLUH1 (ALA) 2266174
CALL VOLUMZ (ALA] Z16017_ I"
VOLUA = GVI+GV2+GV_ 2266176

C 2266177 _'
C TEST IF LIQUID SURFACE I5 IN CYLINDER AND LOWER HEMISPHERE. ZZ66178
C 2266179

IF (VLIQ- VOLUA) 73,72,74 2266180
C VLIO = VOLUA 2266181 P

72 ALTITD = HEITHB 2266182
KASE = 4 2266183
INDKT_ = 1' 226618Q. .

GO TO I00 2266185 _'l

C VLIO LESS THAN VOLUA, SURFACE IS IN CYLINDER AND LOWER HEMISPHERE 2266186

C 2266187 ,,,.
73 INDKT3 = 1 2266188 _'.

GVOL = VLIQ 2266189
GO TO 77 2_'86190

C 2266191 .
C TEST IF LIQUID SURFACE IS IN CYLINDER AND UPPER HEMISPHERE, 2266192 f

C 2266193_
74 IF (VGAS- VOLUA) 76, 75_ 80 2266194

C VGAS = VOLUA 2266195
75 ALTITD = HEITHA 2266196

KASE = 4 2266197 _I_
INDKT3 = 2 2266198
GO TO I00 2266199

C 2286200 i
C VGAS LESS THAN VOLUA, LIQUID SURFACE IS IN CYLINDER AND UPPER 2266201

IIc HEMISPHERE. I 2266202

C 2266203 1
76 I NDKT3 = 2 2266204

GVOL : VGAS 2266205 ' '!
77 KASE -- 4 2266206 "

GUESS = (GRC - ttEITHB + GRC*GSINT) /2. 2266207 '_
CALL EACL ( KASE _GUESS,AL) 2266208
IF (INDKT3-2) 78,79,79 2266209 _'

78 ALTITD = GRC - A_ 2266210 i
GO TO 100" 2266211

79 ALTITD = HEITHT - GRC + AL 2266212 _,
GO TO 100 2266213

C 2266214
C LIQUID SURFACE IS IN CYLINDER AND BOTH HEMISPHERES. 2266215 -

80 KASE = 5 2266217
GVOL = VLIQ 22662171

GUESS = GRC -(HEITHA + HEITHB) /2. 226621_
CALL EACL ( KASEI, GUESS,AL ] 2266219
ALTITO = GRC -AL 2266220

C THIS SECTION COMPUTE3 THE AREA OF THE LIQUID SURFACE IF REQUESTED 22662211
C 22662212

t000 CONTINUE _;_(_§2;_ 13IF (I(ASE,NE,O) GO TO 110 22662214
AREA = O,O 22662215

A
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GO TO 199 22662216
22662217

IF (INDKTO,EO,2) GO TO III 22662219

AL - GRC - ALTITD 2266222
GO I0 11z 22662221

111 AL = ALTITD + TKRAD -HEITHT 22662222
112 AREA = GPIE*(GRC**2 - At**2) 22662223

bO wO Z_V 22662224
22662225

120 IF (KASE.NE.2) GO TO 130 22662226

IF {INDKIZ.EO.2) GO I0 IZI Z266£Z27
AL = GRC - ALTITD 22662228
GO TO 122 22662229

121 AL = ALIIID + GRC - HEITHT 2266223
122 RLP = RLPRIMIGRC,AL) 22662231

AREA = GPIE* RLP**2/2. +SURF(AL/GSINTWGCOST,RLP) +(GPIE _GRCW*2/2.2266223_

I - bURFI AL/GSINI, GRC}]I_<05I 2266223_
GO TO 199 22662234

22662235
130 IF (KASE.NE.3} GO TO 140 22662236

AREA = OPIEW GRC_2/ GCOST 22662237

GO TO 199 22662238
22662239

140 IF (KASE.NE.4} GO TO 150 2266224
IF {INDKT3.EQ.2) GO TO 141 22662241

I

AL = GRC - ALTITD 22662242
GO TO 142 22662243

141 AL = ALTITD + GRC -HEITHT 22662244
142 RLP : RLPRIM (GRC,AL) 22662245

AREA = GPIE _ RLP**2/2.+ SURF(AL/GSINT_GCOST,RLP) +( GPIE*GRCWW2 22662246
I /2. - SURF(AL/GSINT,GRC}}/GCOST 22662247

GO TO 199 22662248
22662249

150 AL = GRC -.ALTITD 2266225
RLP : RLPRIM (GRC,AL) 22662251
ALPRI_ = -(AL +TKLEN_GCOST) 22662252

RLPP = RLPRIH (GRC,ALPRIM) 22662253
AREA = -(SURF( ALPRIM/GSINTtGRC) + SURF(AL/GSINT,GRC))/GCOST + 22662254

I GPIEI2.W(RLP_2 +RLPP_2) +SURF(AL/GSINT*GCOST,RLP) + 22662255
2 SURF(ALPRIHIGSINT*GCOST, RLPP) 22662256

199 SAREA = AREA 22662257
C 22662258
THIS SECTION TESTS NODES TO DETERMINE IF THEY ARE IN LIOUID OR GA5,2266226

2266226
200 MNODE = 2_KKKK(I}+KKKK(2) + INODE 2266227

DLIQ = ALTITD _2_62271
NNCIR = TOTAL NUMBER OF NODES PER "RADIUS 2266228
NNCIR = NCIR + NTNK +I 2266229

FG_RAD = NRAD .......... 2266230
FGNCIR = NCIR 2266231
FGNSEC = NSECT 22_6232

NODTOT - TOTAL NUMBER OF NODES IN TANK 22662_3
NODTOT = 2*NNCIR*NRAD*INRAD/4] +NN_'?_AD-'_N_CT 226623_
JAY = MNODE + NODTOT -1 2266235
DO 210 I" MNODE_JAY 2266236

210 P(1) = ABSIP(1)) 226623?
IS TANK COMPLETELY EMPTY OR CnMPLETELY FULL 2266238
IF (INDKTI-I) 215t1000_211 2266239

211 LTRAY ml ............. 22662391
MKL = MNODE 22662392

LOCKHEED B-55
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KK = NRAD/4 22662393
JJ = NRAD 22662394

212 'DO 214 K=I_KK 22662395
DO 214 J=l,JJ 22662396

DO 214 I=I,NHCIR 22662397
IP (I.GI.N_|'_ GO I0 21_ Z_bbZ_V_
P(PKL) : -P(_IKL) 22662399

213 tIKL = MKL+I 2266240
214 CONIINUE 2266_401

IF (LTRAY - 2) 201,202,1000 22662402

201 KK = NSECT 22662403
_0 TO 203 ZZ662404

202 KK = NRAD/4 22662605
203 LTRAY = ,.TRAY+I 22662406

GO TO 212 22662407
215 COSTH = COS(ANGLE) 2266243

SINTH : SIN(ANGLE) 2266244
CONI : GRC/SQRT(FGNCIR) 2266245
CON2 : 2,*GPIE/FGNRAD 2266246
CON3 = GRC*ABS(SINTH) 2266247

IF (HEITHB - ALTITD} 218,216,216 2266248
UPPER HE_ISPHERE IN GAS 2266249

216 JAYI = HNODE + NNCIR*NRAD*(NRAD/4) -i 2266250
MKL : MNODE 2266251
KK : NRAD/4 22662511
JJ = NRAD 22662512
DO 217 K:I,KK 2266251_
DO 217 J :l,JJ 22662514
DO 217 1 :I,NNCIR 22662515
IF (I,GT,NCIR) GO TO 219 226625_6
P(MKL) : -P(MKL) 22662517 _l_

219 MKL = MKL+I 22662518
217 CONTINUE 22662519

MNCDE : JAYI+_ 2266253
GO TC _O0 2266254

218 GMID : ALTITD - HEITHB 2266255
IC (GMID - CON3) 222,2229220 2266256

220 LIGHT1 : 0 2266257
GO TO 225 2266258

222 IF (ANGLE) 223,224,224 2266259
223 LIGHT_ = _ 2266260

GO TO 225 2266261
22_ LIGHT1 = 1 2266262

225 IIG = NN_IR 2266263_
JJG = NRAD 2266264
KKG = NRAD/4 2266265
HTEST = ALTITD - HEITHB 2266266
TEST NODES IN UPPER HE,AISPHERE, 2266267

226 D_ 270 K: I_KKG 2266268
RApAC = CQN_*(FLQAT(K)-.5) _66269
RADAS : SIN(RADAC) 2266270
RADAC = COSIFADAC) 2266271

DO 260 J=I,JJG _266272
RADB = CON2*(FLOAT(J}-,5) 22£6273
RADBC = COS(RADB) 226627_
DO 250 I=I,IIG 2268275
IF (I,GT,NCIR} GO TO 248 2266276
IF (LIGHT1 -1) 235,230t233 2266277

230 IF (RADB.GT,HFPIE,AND,RADB,LT,3,iHFPIE)GO IO 235 2266278
......P(MNODE} ='-P(MNODE) ' 2266279

GO TO 248 2266280

l)
LOCKHI|O B-56
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233 IF (RADB.LT.HFPIE.OR.RADB.GT_3.*HFPIK) GO TO 235 2266281
P(rINODE; = -P(MNODE) 2268282
GO I0 248 2266;'83

2266284
235 CON4 = SORT(FLOAT(1)-.5)*CONI 2266285

HLONE = CON4*RADAS 2266286
RCPRIM =CO.N4* RADAC * RADBC 2266287
HCN = CON3 +RCPRIM* SINTI4 + HLONE * COSTH 2266268
IP (H(.N - 1-11_.bl I g4g,Z#tJ,/#U ZZ6O-'b9

240 P(MNODE) = -P(MNODE) 2266290
248 MNODE = t,"PlODE +1 2266291
ZDU LUN_ INuP Z266292
260 CONTINUE 2266292
270 CONTINUE 2266293

LYLINDER 2266294
300 HEITHC = GRC- CON3 2266295

IF (ALTITD - HEITF, C) 303,303,305 2266296
_u_ JAYI = MNODE + '_NCIR*NRAD*N_ECI -"T 2Z66297

SET ALL NODES IN CYLINDER NEGArlVE. 2266298
MKL -" MNODE 2266299
KK = NSECT 22662991
JJ = NRAD 22662992
DO 304 K=I,KK 22662993
DO 304 J=l,JJ 2266299_,

DO 304 I=I,NNCIR 22662995
IF (I.GT.NCIR] GO TO 301 22662996
P(MKL} = -P(HKL} 22662997

301 HKL = MKL'I'I 22662998
304 CONTINUE 22662999

MNODE : JAYI+I 2266.;01
GO TO 400 2266302

305 IIG : NNCIR 2266303
JJG : NRAD 226630_
KKG : NSECT 2266305

CON5 = TKLEN / FGNSEC 22663Q6
DO 370 K= 1,KKG 2266307
HLPRIM : TKLEN - CONS*(FLOAT(K)-,5) 2266308

TEST1 = HLPRIM*COSTH + HEITHC 22663Q9
IF (TEST'].-ALfllrD) 310, 307,307 2266310

307 JAY1 = MNODE + NNCIR* NRAD -1 2266311

MKL = MNODE _2__.@3_..L_._
JJ = NRAD 22663121
DO 309 J=l,JJ 22663122
_)0 309 I--1,NNCIR 2266_123
IF (I.GT.NCIR} GO TO 308 22663124
PIMKL) =-PIMKI.) 22663125

308 MKL - HKL+I .... 2266_126
309 CONTINUE 22663127

MNODE = JAY1+1 2266314
GO T._.. 3..70 .... 2266315

2266316
310 TEST1 = TEST1 + 2,*CON3 2266317

IF (TEST1 -ALTITD) 311,311,315 2266518
311 MNODE = MNODE + NNCIR*NRAD 2266_19

GO TO 370 2266330
2266321

315 DO 360 J,,i;JJG _- 2266322
RADCC = COS( CON2*(FLOAT(J)-,5|] 2266323
00 350 I" I,IIC 226632_
I'-_'TT_eGf',,NC-Ih")'-GP() TO 348 22-66--'J'23
RCPRIM • SQRTIFLOATII)-,5)* CONIIRADCC' 2266326

i
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HCN = HLr_Ir'_COSr_' + CON3 + RC'2I,; _ SI;_TH 2266_27
___ TEST1 = HCN +HEIT'-IC 2266328

T']$""(TEST1 -ALTIID)-3kBt36_3ZO ..... ZZ66_Zg--

320 P(HNODE) = -P(MHCDE) 2266330
348 MNODE = _NODE +I 2266331

--'_C-_f'rT_ ...... 22663_z
360 CONTINUE 2266333
370 CONTINUE 2266_34

2266335"
LOWER HEMISmHERE 2266336

2266537
400 IF (AL'TI'_D.GE.HEITHA)' G_ TO'IO00 2266_38

IF (ALTITD - GRC) 401t402t402 2266339
401 LIGHT2 : 0 2266340

Go f_'%lo 2266341
402 IF (ANGLE) 403t404t404 225@342
403 LIGHT2 =2 2266343

GO TO 610 226634_

¢04 LIGHT2 =I 2266345
410 KKG = NRAD/4 2266346

JJG = NRAD 2266347
IIG = NNCIR 2266348
DO 470 K=I,KKG 2266349

RADDS = SIN(RADBC) 2266351

.., RADDC = COS(RADDC) 22(,6352
DO 460 J=I,JJG 2266353
RADE = CON_iIFLOAT(J)-,5) 2266354
RADEC = COSIRADE) 2266355

IF (LIGHT2-1) 430,415t420 2266356
415 IF (RADE,LT,HFPIE,OR,RADE,GT,3,*HFPIE) GO TO 430 2266357

MNODE = _PIODE + NNCIR 2266358 _ i
GO TO _60 2266359 _"

420 IF (RADE.GT.HFPIE.AND.RADE.LT.3.*HFPIE) GO TO 430 2266360
HNODE = MMODE +MNCIR 2266361
GO TO 460 2266362

430 DO 450 I=I,NNCIR 2266363

IF (IoGT.NCIR) GO TO 448 2_66364
' RCPRI'._= CONI*$ORT(FLOAT('I}-,5) 2266365

HLONE : RCPRIH_RADD$ 2266366
RCPRI_' = RCPRIH* RADDCeRADEC 2266367
HCN = CON3 - KCPRIM*51NTH + _LONE * COSTH 2266368
TEST1 = HEITHA -HCN 2266369

IF (TEST1-ALTITD) 448,448,440 22_6379
440 P(MNODE) =-P(_NODE) 2266371
448 HNOOE = HNODE +1 2266372

450 CONTINU_ 2266373
460 CONTINUE 2266374
470 CONTINUE 2266375
1000 RETURH __. 22§#37§

END 2266377

t)
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$IBFTC EACE 2ZGbOSZ
SUBROUTI_E EACL (KASE,GUESS,AVOL) 22660_J

"c A_-OF Ob/U_/6_

C USES EOUATIOR FOR VOLU_.IE SPECIFIED BY KASE TO FIND VALUE AVOL SbCki 2ZoCOb4
C THAT V(AVOL} = GVOL, USIC_G GUESS AS rIRST ESTIMATE OF AVOL, 22600_b
L LUNV_KbANL_ Ib _T A| l_:(IO ULLIA bQUAM:0 MLIHgUe Z260060

D I_4E_SION WI(6} 2266057
CONNON /GEON/ GSINT,GCOST,GRC,GVI,GV2,GV3,GDVlJGDV2,GPIE,GVOL 2200007
L O_,iVtUl_ /LW_II_TT_t_K_91_L_I4sI&P, PL_N_AUg_L_p_LII[II?_&j

I TKTHK(5),TKWALI,TKhAL2,1NODE,KObT,

2 FMCO,FMN0,FMOLC,VGAS,IGC,IPRESS,FHCLN,FHIN,FHAX,P;.I_N,
PMAXgFMOLX9 IbAI _,%f,_L_ IXtPR_ IANKVI

5 RADI(4I,IIELB(14)_LLFLOW,HELT,HELP,HELW

6 ,ISTRAT,SAREA,IOPTSXtS),FNULTF(5),STRI_P(20)
9b_LU _),II_'LI_J_DL_ _NLbURF_ILALL

OLIN5 = GRC*GSINT - rKLE_*GCOST
QLIH5 = QLIH5 - ,0001*QLIM5

CLIH z GRC_GSINI 2266058
OLIH = OLIH - ,O001*QLIH
QLIHI = GRC - GRC*,OC01

NMAX :20 22660_9
Wl(5) = GUESS 2266060
_ITER = 0 2266061
OMIN = I,E-37 2266062
OMAX = 10, 2266063

710 NITER • NITEP +: 226606_
IF (K_.SE,EQ,]) GO TO 720 0641
IF (KASE,EQ,5) GO TO 716
W1(5} = AMAXI(-QLIP4 , AHINI( _LIY, t';l(5})) 2266065

711 CALL DELA1 (WI(S},DELT) 2266068

715 Nl(1} = W1(51_ DELT 2X6607 _GO TO 721 Q721
"-'-"7"f'6W1(5) = AMAXI(-QLIM , AHIt_I(OLI_.IS,:'II{5)))

CALL DELA2 (WI(5), DELT)

W1(l} - WI(5} + DELT .....
GO TO 721

720 WI(5) = A_AXI (0,0,. A_41NI(QLIrKI,WI{5)))

CALL DZ'A0 (Wl(5), DELT) QTZJ
W1(1) WI(5) +DELT 072_

721 IF (NITER -1} 722,722,72_ 073

722 W1:3) -0,0 ....2,2._..._74
GO TO 7S0 226_U75

72_ IF ((ABS (WI(5} -WI(6)) /A:4AX1 (ABS(._I(5)), ABS(NI(6)}, QF;IN,'} .<_&6076

1 -,0001) 730_726_726 ._ ._.._,_6_07_
728 A = (W1(1}-W1(2)}/ (W1{5) -'nl(G)} 2266075

WI13) • (AI/(A-I,0) 22_6079
_..._._...]_..J._.t_S ( Wl ( 3 } ) -O_IAX). 7!_._._}_!_ 8 ......... 22660 _0

?78 W1(3) --SIGN IQMAX, W1(3)) 2266061
730 WI(_) - W1(1) +WlI3)*IW1(5)-Wl(1)) 22660_2

W1(2) • W1(1) ................. _266063
Wl(6) • Wl(S) 226608_

732 WI{5) • W1(4) 2266085

IF {NITER,GT,NMAX} GO TO 736 2266QG6
IF IIAB_IWII2)-WII6))I ANAXI(AB_IW"W"I'T'_"_'_BSIWI¢6}ItQlp_IP_J)-,0GOGOGI2266087

I ) 73_,73_7" 2266068
?S_ CONTINUE 2266069
?36 coNTINUE ........... 2266090

AVOL-WllS) 2266091
RETURN 2266052
END 2266093

I.OOKHB| D B'_9
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$IBFTC DELl 2266094 i
SUBROUTINE DELAI (AL,DELTA) 2266095 IW

C Ab OF US/US/65 I
cOMMON ICPNETINTYPE,TKRAD,TKLEN,TEMPZtNRADgNCIR,NSECT_NTNK, l
i TKTHK(5),TKWALI,TKWAL2,1NODE,KOUT,
Z PMLU_PMNUgF_OLLgVbAS,|GLt [PRL359PHULNoIFr_INtPrlAXtPHINt

3 PMAX.FMOLX,TSAT,ANGLE,TX,PR,TANKV,-
5 RADI(4),HELB(14),LLFLOW,HELT,HELP,HELW
6 _L_IKATt_AK_A_IU_I_AI_)IPPlULIPI_JI_IKLNPL_U)

7 ,nSOLD (2),TTOPBL{2)_DLIG ,NLSURF, ICALL
COMMON /GEOM/ GSINT,GCOST,GRC, GVI,GV2,GVOJGDVI,GDV2,GPIEtGVOL 2266160
C_LL VOLU'-': {ALl 22660_B
CALL VOLUM2 ,AL) 2266099
CALL DVOLMI (AL) 2266100
LALL _VULMZ IALI Z266_01
DELTA = (GVOL -( GVI+GV2+GVO)} I (GDVI+GDV2) 2266102
RETURH 2266103

L WHtN IHL LIUUIU L_VLL lb lrt IH_ CYLINDER AN_ UN_ H_HLaPH_Rc ZZ66LU_
C THIS POUTINE COMPUTES DELTA A FOR USE BY THE ITERATION PROCEDURE, 2266105
C IT ASSUMES THAT OV3 HAS PREVIOUSLY BEEN CO;.IPUTED, SIPCE GV} DOES 2266106
C NOT DEPE_D O_l AL. 2266107

END 2266108

$IBFIC D[_ 2266109
SUB_jUTINE DELA2 (AL,DELTA) 2266110

C AS OF 05105165
C COMPUTES DELTA A FOR USE BY THE ITERATION RROCEDURE WHEN THE 2266111
C LIQUID LEVEL IS IK THE CYLINDER AND BOTH HEMISPHERES, 2266112

COMMO" ICPNETINTYPE,IKRAD,TKLEN,_E_..f_Z,_R_D_NC. IR_INSEC'I,NINK_ _CII TKTHK(5),TKWAL1,TKWAL2,INODE,KOU"
2 FMCO,Fq'IO,FMOLC,VGAS,IGL,IPRESS,FMOLN_FMIN,FMAX_PMI_
3 PMAX,FMOLX,1SAI,ANG[E_Tx_PR,_r_
5 RADI{4}_HELB_I4),LLFLOW,HELT,HELP,HEL_
6 ,ISTRAT,SAREA,IOPTSX(5),FMULTF(5),STRINP(20|
7 ,GSOLD (2),TTOPBLI2J,DCIQ'-,NE_BR-F'-//_ALL

COMMON /GEOM/ GSINT,GCOST,GRC_ GVI,GV2,GVO_GDVI_GDV2_GPIE_GVOL 2266Z60
GAPRIM : -( AL + TKLEN * GCOST) 2266115
CALL VOLUMZ {AL) 2266116
CA_L VOLUM2 (AL) 2266_17
DELVI : GVI 2266118
DELV2 = GV2 2266119
CALL VOLUM1 (GAPRIM) 2266120
CALL VOLUM2 (-GAPRI_') 2266121
O_UME_= GVOL -,DELVI+DbLV2I_T/3_"GI_'_ETG'_'E"_F*} - GV_I Z266_Z
CALL DVOLMI (AL) 2266123
CALL DVOL'2 (AL} 226612_
DELVI :GDVI Z2661_5
DELV2 =GDV2 2266126
CALL _VOL'_I (GAPRI_:) 2266127
CALL DVOLM2 (-GAPRIH) 2266128
DELTA =QNUMER/(DELVI+DELV2 -GDV2 -GDVI} 2268129
RETURN 2266130
END 2266131

i

@
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$1BFTC Vokl 2266132
SUBROUTINE VOLU'41 (AL) 2266133

C AS OF 051Q5169
COMMON /GEOM/ GSI_IT,GCOBT,GRC, 6Vl,GV2,GV3_GCVl,GDV2,GPIE,GVOL 2260134
GAL = AL 2266135
ERCZ=GRC**2 2266136
GSINT2=GSI_]T_*2 2266137
GAL2=GAL**2 22661_8
blE_P=GRLZ--_AL2 2266139

GVI=GDIZ*GRC*GRC2/3.*(GSINT*(3.-GSINT2)-.5) - GCOST*(GRC2_6. + 2266140
I GAL21(3.*GSINT2)} * SQRT(GRC2*GSINr2 -3AL2) - (GPIE/2.+ASIN ( 2266141
Z bALWbLUSTI{bbIP!I*b_wI[oI{LZ--QALZI]lJ *bA-[-etJ,*_KLZ--bALZ}I_, + ZZO_IW_

3 GRC2*GRC/3.WASIN (2._GRCZ*GCCST*GCOST/(GRCZ-GAL2) -1.| 2266143

RETURN 2266144
END .226614_

$1BFT{ VQL2 2266146
_5RO@TINE VGLU_42 (ALl 2266147

C A$ OF 05105165
COMb'%ON IGEON/ G&INT,GCO3T,GRC, GV1,GVZ,GV3,GDVI,GDV2,GPIE,GVCL 2266148

GAL=AL 2266149
GRC2=GRC_2 2266150
GTENP = GALIG$1NT 22661_1
GTEMP2 = GTEMP_2 2266152
GIEMP3 = SQRT (GRC2-GTE;'IP2) 2266155
GV2 = GSINT/GCOST*( GRC2* ( GTE;4P*ASIN( GTE,4P/GRC} +GTE._P3 ) 22661_4

i -GPIE*GRC2*GTENP/2. - GTEMP3**3/3.} __
RETURN 2266156
END 2266157

$1BFIC VOL3 2266158

SUBROUTINE VOLdi43 2266159
C AS OF 05105165

CO|_',ON IGEOi4/ G$1NT,GCOST,GRC, GVI,GVZ,GV3,GDVI,GDV2,GPIE,GVOL 2266160
GTENP=I.-GSINT 2266161
GV3 = _P1E*_RC**3/3o*(GTEJ',P**2*(3.-GIE.4P)) 2266162

RETURN 2266163
END 2266164

)
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$iBFTC DV01 2266165
SUBROUTINE DVOLM1 (AL) 2266166

C AS OF 05105165

COitiON /GEOM/ GSINT,GCOST,GRC, GVI,GV2,GV3,GDVI,GDV2,GPIE,GVOL 2266167
GAL =AL 2266168

GRC2= GRC_GRC 2266169
GAL2 = GAL_GAL 2266170
GIEMP1 = GRC2-GAL2 2266171
GTEMP2 = SQRTKGTEMPI) 2266172

GTENP3 = bQRT|GRC2_GSINTt*2-GAL2| 2266173
GTEMP4 = GAL_GCOST/(3,_GSINT_t2) 2266174
GTEMP5 = GAL_GCOST/iGSINT_GTEMP2) 2266175
GTEMP6 = 2,tGRC2_GCOST_GCOST/GTEMP1 2266176
GDV1 = - ((GRC2/6,_GCOST + GAL*GTEMP4)*(-GAL/GTEMP3} + GTEMP3_ 2266177

i 2._GTEMP4)-|(GPIE/2.+ASIN(GTEHP5)) _ GTEMPI +(GAL*GRC2 - 2266178
2 GAL2_GAL/3.) * I./SQRT(1.-GTEMP5**2)*( GTEMPS/GAL + GAL*GTEMP5/ 2266179
3 GTEMPII) + GRC2_GRC/(3._SQRT(I.-(GTEMP6-1.)*_2)) w2._GALW 2266180
4 GTEMP6/GTEMP1 2266181

RETUR_ 2266182
END 2266183

$1BFTC DVO2 2266184
&UUROUTINE DVOgM2 (AL) 2266185

C AS OF 05105165
CONP,OI_ IGEON/ GSINT,GCOST,GRC, GVI,GV2,GV3,GDVI,GDV2,GPIE,GVOL 2266166

GAL=AL 2266187
GRC2= GRC_GRC 2266188
GTEMPI = GAL/GSINT 2266189
GIE:_P2 = SGRT{ GRC2_GSINT_2 - GAL_2) 2266190
GDV2 : GSINT/GCOST _( _RC2/GSINT *(GAL/ GTE'"P2 2266191

1 �ASIN(GTEHPI/GRC) - GAL/GTE.4P2 - GPIE/2. ) 2266192
2 + GTEMPIIGSINT*I2_ GTEHP2 } 2266193
RETURN 2266194

END 226_195

$1BFTC UELO 196
SUBROUTINE DELAO (AL,DELA) 197

C A_ OF 051u5/65

C 198
C CG/.IPUI_ DCLTA A WHEN LIQJID SURFACE IS IN UPPER OR LCWER 199

C HEMISPIIERICAL SEGMENT. 200
C 201

CUi41",ON /G_CI,i/ GbINI_CObltGR_JGVI_GVZtGV_GDVI_GDVZ,GPIE_GVOL 2266007
DLLA = (GVOL - GPIEI3._(GRC-AL)_2_(2.,GRC +AL))I(GPIE_(AL_2 - 202
1GRC_2}) 203
RLIURN 204
END 205

¢
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$1BFTC GEOMNG
SUBROUTINE GEOMNG

C AS OF 6/30/69
CO_;i40N P(140CO),TM(16),_AXT,MAXR,;4AXC,KSP,KST
COMMON /CONTR/ TLIQ,SCL IQ, TGAS, SCGAS,SCALL,TLSMAX,SCINT ,TSGAS,

ICO,'IUN(5) ,DMCC,TL;IAX, TALL,F_<LC,GAVITY,FKG,FKL,ZC,PC,ZN,FI,ILU,FHLA,

2 ZX, CPX, T LA, GAMi4A, RHOL, RHOG, CPL, CPG, RLA_ ,vlCNT, PN ,FMC,FHN,
3 RDUMNY
COM,qON /CPNET/NTYPE,TKRAD,TKLEN,TE,':PZ,NRAD,N21R,NSECT,NTNK,

i TKTltK (5 ),TK_ALI, TK_,AL2, IP,GQE,KOUT,
2 FMCO,FNNO,F_:CLC,VGAS, I GC, IPRESS,FMOLN,F_IN,FMAX ,PfIIN,
3 P_AX,FNOLX, TSAT,ANGLE, TX,PR, TANKV,
5 RAD I (4) ,HELD { 14) , LLFLO_ ,HELT,HELP,HEL_
6 . ISTRAI.SAREA. IOPTSX ( 5 ) , F_IULTF { 5 } ,STRI NP(20)
7 ,GSOLD (2),TTOPBL(2),DLIQ *NLSURF,ICALL
EQUIVALENCE (FNULTF(t), FLT),(F,4ULTF(2),FL_L)
DIMENSION VS(25G),FLA(500},NUMTAB(100),NEXW(125),NSEX(125),P_M(125)
DIi4ENSION LNO(250),NLNNS(125},NGNNS(125)
£_UIVALENCE (P(13251),VS),(P(1350I),FLA)

I,{P(12526),NUMTAB),(P(12626),NEXW),_P(12751),NSEX),(P(12876},M_)
EQUIVALENCE(P(12276),LNO),(P(12151},NLNNS),(P(12026),NGNNS)

C SUBROUTINE TO DETERPIINE WHETHER NODE IS IN LIQUID OR GAS PORTION !911004
C OF TANK NODE IS NEGATIVE(-)'IF IN GAS NO GRAVITY CASE ONLY 1911005

EQUIVALENCE (V,VGA$), (GAVITY,GAV)
Pl = 3,14159265
IX1 = 0
IX2 = MAXT

IX3 = IX2+MAXT
IX4 = IX3+MAXR

IX5 = IX4+MAXC

IX6 : "XS+M_XCEPSILN = ,01
9003 FORMAT(IOEI3,5)
9004 FORMAT(lOll3)

DO 10 I=I,MAXC

II : I+IX4
10 P(II} = ABS{P(II))

FNRAD = NRAD
FNCIR = NCIR

F_CT = NSECT
NT = 6

8002 FORMAT( i17}

IINQD : INQDE 1911Q151
IF( NTYPEoEQ, I ) GO TO 4: 1911016

IMET = 0 1911017
11 II = NCIR +NTNK + 1 1911018

JJ = NRAD 1911019

KK = NRAD / 4 1911020
R = _ y *}+Q ( 4,Q (pI)**,333_333} 1911021
M = 0 1911022

K__30 K1 = I,KK 1911023
K1 - 1 ..... 1911024

DO 25 dl = 1,Jd 1911025
d = dl - i 1911026
DO 20 I =1,If 19110261

M = M+I 1911027
NODE = M -I + IINOD 1911028
NODEX& = NODE+IX_

IF ( I,GT, NCIR) GO TO 20 1911029
FLOA=SQRT(FLOAT(II-,5)/SQRT(FNCIR)*TKRAD

, , IF (FLOA,LT,R) P( NQDEX4 }=-P(NO_{X4 1 _911Q3Q

)
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20 CONIINUE 1911032
25 CONTINUE 1911033

30 CONTINUE _ 1911034
IMET = IMET+I 1911035
IINOD = (NCIR +'NTNK +I]_NRAD_2 /4 +INODE 1911036
IF(IMET,EQ,1} GO TO 11 1911037
GO TO 8000 1911038

'40 RP ="{ V_3,0 /4o0 /Pl ')_W',33333333 1911039
IF( RP,GT, TKRAD ) GO TO 90 1911040
R = RP 1911041
IINOD = INODE + (NTNK + NCIR +IIWNRAD_2 /4 1911042
JJ = NRAD 1911043
KK = NSECT 1911044
J! = NTNK + N_R +1 1911045
M= 0 1911046
DO 60 KI=IJKK 1911047
K =KI-1 1911048
DO 55 Jl=ltJJ 1911049
J =Jl-i 1911050
DO 50 I =l,II 1911051
M = M+I 1911052
NODE = M -i +IINOD 1911053

l
NODEX4 = NODE+IX4
IF(I ,GT, NCIR) GO TO 50 1911054
FLOA=SQRT(FLOAT(1)-.5)/SQRT(FNCIR}_TKRAD

FLO = (FLOAT(K)+,5I_TKLEN/FNSECT
IF( R,GT, SQRT( (FLOA )_2 +(TKLEN/2,0 -FLO 1911055

i}*'2)) P(NODEX4 ) = -P(NODEX4 ) 1911056 _
50 CONTINUE 1911058 E
55 CONTINUE 1911059

.60 CONTIt_UE 1911060
IF(R,LTo TKLEN/2°} R=O°O 1911061
IHET=O 1911062
H =0 19110a_
IINOD = INODE 1911064
KK = NRAD/4 1911065 i

.,_,_, DO 80 KI =ItKK 1911066
K :KI-I 1911067
DO 75 Jl =l,JJ 1911068
J =31-1 . 1911069

DO 70 I =l,II 1911070 !
H = M+l 1911071

--. NODE = M-I +IINOD ....... 1911072
NODEX4 = NODE+IX4 1
IF(I,GT,NCIR) GO TO 70 1911073
FLOA=$QRT(FLOAT(I)-,5)/SQRT(FNC_R)_T_RA_
FI = FLOA 1911074
S = SQRT( {TKLEN/2,O)_W2 +FI**2 -2,0*FI_TKLEN/2,0wCOS((FLOAT(K)

__.i +,5}wPI*2.O / FNRAD + Pl / 210))
IF( R ,GT,5) P(NODEX4 ) = -P(NODEX4 ) 1911077

70 CONTINUE 1911079
75 CONTL_UE 191108n
80 CONTINUE 1911081

IMET =IHET +1 1911082
IF{ IMET,EQ,2} GQ To 8_ _91108}
IINOD = (NTNK +NCIR+I)_NRAD*(NRAD/4 FNSECT) +INODE 1911084
H = 0 1911085
GO TO _ 1911086

85 GO TO 8000 1911087
90 R = TKRAD 1911088

---- VP = 4,0/3,0 *Pl *Rw_3 _ 1911087

! .,.,,
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KK = NSECT [¢I1091

:4 = 0 1911092
JJ= NRAD 1911093I
II= NCIR +NTNK +I 1911094
IINOD = INODE + {NTr_K+t¢CIR+II*NRADW*2 / 4 1911095
DO llO KI =I.KK 1911096

K = KI-I 1911097

DO 105 Jl :l,JJ 1911098 I
J = JI-1 1911099 I
DO 100 I =l.II 1911100
M = M+l 1911101

NODE = M-1 +IINOD 1911102
NODEX4 = NODE+IX4
IF(I.GT. NCIR) GO TO 100 1911103
FLO = (FLOAT(K)+.5)*TKLENIFNSECT

PK = FLO 1911104
IF(PK.GE. TKLEN/2°O-FLEN .AND. TKLEN/2°O+FLEN.GE. PK ) GO TO 95 1911105

FL : FLEN 1911106
FLO : {FLGATIK)+.5)*IKL_N/FNS_CT
IF(FLO .GT. TKLENI2°O ) FL =-FLEN 191110?
FLOA=SQRT(FLOAT(1)-.5)/SQRT(FNCIR)*TKRAD

RPP =5_iRl {{FL_A }*'2 +{IKL_NIZoO- DLO 1911108
1 -FL )*_2 ) 191110_

IF( TKRAD .LT. RPP) GO TO 100 1911110
95 P(NODEX4 ) = -P(NODEX4 )

130 CONTINUE 1911113
105 CONTIt4UE 1911114
Ii0 CONTINUE 1911115

IF(TKRAD .LT. TKLEN /2.0 -FLEN) GO TO 8000 1911116

H=O 191111?
IMET =0 1911118
IINOD = INODE 1911119

KK = NRAD/4 191112Q
JJ = NRAD 1911121
II = NTNK + NCIR + 1 1911122

113 DO 125 K1 :_ , 191_23
K = KI-I 1911124
DO 120 Jl =l,JJ 1911125

J = Jl-1 . .. 1911126
DO 115 I =l,II 1911127

M = M+I 1911128

NODE = M-I +IINOD +INODE -I 1911127
NODEX4 = NODE+IX4

IF(I.GT.NCIR ) GO TO 115 1911130

A = TKLEN/2.9 TFLE_ 1911131
FLOA=S_RT(FLOAT(1)-o5)/SQRT(FNCIR)*TKRAD
B = FLOA 1911132

• FLO = FLOAT(K}+._
RP = SQRT( A_*2 +8",2 -2°O*A*_*COS(FLO *2°O*PI/FNRAD+PI/2°O)) 1911133
IF(RP.LT. TKRAD ) P(NODEX4 ) = -P(NODEX4 ) 1911134

115 C_NTINUE 1911136
120 CONTINUE 1911137
125" CONTINUE 1911138

IMET =IMET+I _911139 . ]
N =0 1911140
IF(INET°NE,I ) GO TO 8000 1911141

IINOD = (_TRK +NCIR +I)*NRAD*(NRAD/4 +NSECT } +INQDE 19_114_
GO TO I13 1911143

I000 GO TO 8000 i

8000 R_TURN i

lID i
|

I
i
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TABLE B-1 (CONTINUED)

$IBFTC CHOP 2266000
SUBROUTINE CHOP (IND) 2266001

-._ ...... AS--OE. 6/30765 ........................ 22(_&O_2--
COMMON P(14000)) M(16)) KKKKI23), CC(12) 2266003
COMMON /CONTR/ TLIQ)SCLIO)TGAS,SCGAS,SCALL,TLSMAX,SCINT,TSGAS, 226600_

l CONUN ( 5 L,-DEtCC, T_LkLAXJ-IALL ,FMLQ, GAV IT y, FKG, F KL, ZC, pC ) ZN, F:ILU, FMLA, 22.-&&O 05.
2 ZX)CPX, TLA,GAM_.IA, RHOL,RI_OG,CPL,CPG,RLA_!,;.1CNT,PN ,F_.IC,FMN, R2266006
C ONHON /CPNET/NTYPE,TKRAD,TKLEN,TE_PZ,NRAD,NCIR,NSECT,NTNK) 2266007

&..ZICIHK (5J..iT_,_,.J_1 )_TK_AL2__I N ODEaKC U T, - 226600 __
2 FMCO ,Ft'INO, FHOLC,VGAS, I GO, I PRTSS ,FMOLN,Fr41 N, F'4AX, p'.IIN, 2266000
3 PMAX )FHOLX, TSAT,ANGLE, TX,PR ,T_NKV, 2266010

5 I_AD-II_},_tEL_II%_,LLFLOW,HELT,HELP,HEL_ -- 2266011
6 )ISTRAT,SAREA,IOPTSX(5I,F_ULTF(5),STRINPi20) 2266012
7 ,GSOLD (2),TTOPBL(2),DLIO ,NLSURF,ICALL 2266013
C_M;_LON /KTR/ IDF_T (1),_h_ ___/i]..}ald._J_J_..___ClI..'3.BL____I]_L_XBAR_(i},- 2-.2(:d_0].4
1 TBOTBL(II,RNO (I},RNO9 (1),'.q (1),DELPT (I), 2266015
2 0 (I),VBL (1})A8AR (I},RHOBTPX(1),RHORMN(1), 2266016

3 ._ELP-E-IIIEL-_@£ZLI,_'GNE/---LiL, REYNO (i}, ....2/6_O17__
4 SJMARS(1))DELPF (1),CAPAVG(1),TUPDER(1),CAPBL (I), 2266018
5 CAPTLI(II)DELTLI(1),CUPPER(II,SQUAN (1) 2266019
£OiL/Y_,..%LE_C.E.___I_,:U/./'fi/../_ FIT}.(rMULTFI2],FLKL) 2_2_
COMMON/CHP/St':CV,St4CA,SMNV,SMNA,SDMCC)S_LAS)SHLUS,SdMEX,HELWS,GOLD,2266021
1 ANGOLD,FNG,FML)TS,DELTS,DELVS,FHGAS 2266022
DIMFJ_&_C2C-V$_25_)ELA_0_-_UMIAB_(_,_N_XVL_2_I_S_25`_MM_i25_2_-6_5_23-
DIMENSION LNO(250),NLNNS(125),NGNNS(125) 2266024

EQUIVALE24CE (P(13251),VS),(P(13501),FLA) 2266025

_._2°52_]_-NU_``_IA_L'(_12_26-L_-D_EX_P_2_5_NS_x_876}_MH_22_6&_2&_
EQUIVALENCE[P[12276),LNO))(P(12151),NLNNS))(P(12026))NGNNS) 2266027

EQUIVALENCE (IOPTSXCll,IRSTRT),([OPTSX(P},IPTLIO), 2266028

...... 1 ....... (IDP_/.&X(31,LI_ IAP ] , ( ICPTSX(4 ) ), _TIHE._} .......... 2-ZT&02.9-_.
REAL M 226603_
IF (IND,EQ,2) GO TO 100 2266031

.......... _RE..W/.ND ] 1 .... _................... -2./66032
REAO(II) M(I ) )HELT,_IELP ,IIELW ,S/.ICV ,SMCA )SMNV ,SHNA ) 2266033

1 SDMCC)SMLAS,SHLUS ,SUHEX ,HELWS )VGAS ,GOLD )ANGOLD) 2266034

2 .... £GA_. _TLIQ ,PR _ ,PC .... ,-PN .... ,FI.tG . ,FML,FHCO,/_:NO,F_L_ 2_66_35
3 )TS,';ALL)DELTS,DELVS,FMGAS,GSOLD,TTOP_L,ICALL,IDEST, 2266036
4 (8N3(I},I=I,28) 226603v

........... -D-0--2---88--/-=-I,140 ....................... 2266n33
II = (I-l)_lO0+l 2266039

llI= II+99 2266040
R_An_[lll ./PLJI,J=II_III) ................. 2266041

286 CONTINUE 2266042
REWIND Ii 2266043

RFTUR_ .................................. 22_6044
I00 CONTINUE 2266045

REWIND 8 22660_6
........ WRI[E (8) M(1))HELT )HELP ,HELW )SHCV )SMCA )SHNV )SHNA ) 2266047

1 SDMCC)SHLAS )SMLUS )SUMEX )HELWS )VGAS )GAVITY,ANGLE ) 22660_9
2 TGAS )TLIQ ,PR )PC )PN )FMG ,FHL)FHCO)F_'NO)FMLO 2286049
____ )TS)TA_L_L)DELTS,DELVS)FMGAS,GSOLD)TTOPBL,ICALL,'IDEST, 2266050
4 (BNOII),I=I,28) 2266051

DO 285 I=I,140 2286052
....... -/-I___.(k-l]_l'00+l ........... 2266059

Ill= II �p�2266054
WRITE (81 (P(Jl,J=II,III) 22660_5

.... 285 CONTINUE ..................... 2266056
END FILE 8 2266057
REWIND 8 226605_

, WRITE I6,305} Mill 2266059
305 FORMATI21H1RUN CHOPPED AT TIME= E16,8} 2266060

LOOKNm'O B-66
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T_ B-I(CONTI_D)
i

t' t

PAUSE 4444 2266061
CALL EXIT 2266062
STCP 226606B
END 2266064

,,i,

I-O@KHEED B-67
C&_FOmNIA
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B-I(COnTNUED)

.¢I mPTC STRAT 2266000
SW_RO"T INE 5TRAT 2266001

C AS OF L0/1/65 2266002
C IDEST(1)=I IF THIS-I_S-Fi-RST TI'_E CfLLED SI,"!CF.STI_ATIFICATIC:, tEAS 2266003

C BEFN DESTPOYFD I_I LI_UIO 9"[CIh"l 2266004

C [DES[( I )=0 _O_TH_E_R_WI____SSE____ 2266005
CO._MON P(14000),,TM(16: _.'_AXT,_XR,':_AXC 2256006

,TCA ,._..;%._.,SCALL, T LS'IAX, SC I,_IT,TSGAS, 2266007COMMON /CONTR/ TLIC,SCLIO S ¢'r- "

1COMUN{5I,DMCC.tT__L_MAX,TALL,FHLO,GAVITY,FKC,FKL,ZC,PC,Z',I,F'ILU,Ff:LA, 226b006
2 ZX,CPX, TLA,GANH.A, RHOL, PHeC, CFL, CPG, P.L__','-'C".T,P_',F_C ,F;'I',,RZZ6bOC9

COMMO_I /CONET/NTYPE, TK'_AD, TV.LrN, TE_"P Z ,,, -.AD, .. I R, S_CT ,,iT'.'K, 2 ,'660 i 6
__ I TKTHK( 5 ) ,TK".'AL1, TK'.'!AL_,,INODE, K'2UT, 2236011

2 FMCO, F.".INO,FMOLC, VG?.S, IGC, IPR'=SS, Fr,_.OLN, F".I:".,.'-:lAX,PI_IH, 2266012
3 PMAX ,FMOLX, T SAT, ANGLE, TX, PR, T,'_':KV, 2266013

.... 5 R._D__|.(a ) ,HEL_ (14) ,LLFLO;':,HELT,,qCLP,HEL;'! 226601_
6 , ISTRAT ,SAREA, I.OPTSv (.5),FF.'ULTF (_':) ,STRI '_2(23 } 2256015
7 ,6SOLO (2},TTOP_L(2),DLI_,t'LSURF,ICALL 2266016

CO_O_ /STR/ IDFST (1),_NO I),H!IAR (1),QBL (I},Y3AR (i), 2266017
I TBOT_L( 1 ),R.NO I) ,_rlCT {1 :,,v: (i) ,DELPT (I), 2266018
2 0 (1),Vgt I),ABA.R ,"l},°'"'",.-._LX(1),RHOq.'.:."_(1), 2266010
3 DELPP. (1),FR I),DPFG2'3(I},G'_E'.'. (1),.REYNO (I), 226C,020

SU'4ARS( 1 ) ,DELPF 1 ),CAP-"VG( 1 ),TUPrEr< (11 ,CAPSL (I}, 2 _66021
5 CAPTLI(I},DELTLI I),CDP°E2(1),SQUAR {I),;_CLAY 2266022

DI_'ENSION D {1),CP {I} ,F."._UAVO(1 ),FK (i}, 226602.)
IRHOAVG( I ) ,FHUSID( I ),RHO5 I_(1) ,FMbSOT (I ) ,F<tIOBOT(I ),P;_O (i)_ 226602.%

2GNC) (I) 2266025

O I_"ENSlO_i_SE{ 1 ) ,_I NLNO I1 },:'AXLNO {1 ) 2266026
DIMENSION VS(250),_LA(5_O},'._L'.VT,',B{lOO),NEX'.;{125},hSEX(123),M,\I(i25}2266027
DI'-.'ENSION L.".]O (250},,,"_LN'.:S(125),."L".."_NS(125) 226602S
EOUIVALENCE (P(13251),VS;,(PII3501],FLA) -"2(,6029

) I,(P(12526),_'LIt_TAP},IPII2625),NEXW),(P(127511,NSFXl_IPllZ,_76}_HI;) 2266030EOU IVAL_',ICr (_(12276) ,LNC ),(P{!2!51),NL,XNS),(P(12C26)_hGNNS) 2266031
EOUIVALENCE (ST RI ','P(i ),r,'51VL ), 22660}2.

i (STRIHPI2),EP51C;",),(STRI:ZF(_),FRTUF.[_),(ST:_I>'P(4),FRLA.'.;}_ 2266033
2 (STRINP(5),FNLD) 226603_
_OUIVALENCE (FLT ,F_.;ULTF{I )) _.{FLKL ,r:'.UkTI"(2 } ) 2265035
R_AL LIN 2266036

9E_L _.!GNNS 2266637,

I= {KOUT. GE,I) WRITE (6_9_73) T"(i} 2266055
1C _:LD = FNLD+°I 22660"30

FrISP -- 460.0 226604(%

_"_696 -- 366')._ . 226604|
TLIOF = TLI9 -rt_&: 2266042
"CLA5 -- ,9 22660_* _.
+'C%LL = 0 226601_&
SUTURES -- 0,(_ 22660&5

DO 11 I=l,1 2;66066
SIJNU%,R._{I) = 0°._ 22660',7

qI."'LN_(1) = _CLD ,'-1 226604;

I! TP.O"BLll) = r,_ ;266050
D_ ll_ l--'__l 2266,',$1
IF (l"_ST(I),":"."..) GC T_' 1 '_. 226%,)3?
GS_LD(I) = 0,0 22660_'3
TT_P'IL(I)= 0,,0 226605_

113 CO"'T I':UE 2266055
PlC = 3,1e_I_°77 2266056
T_'5 = I°OE05 ;266057

TE_!II- 1,OWl 1 226605B
T¢'-_'2C • I,OF27 2266059
OD " _.._ _ TKR^.O 2266060

HI

i-OOKNOO= B-68 i

I l I I I I _ I I
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TDIAV = 2,O'_'TKRAD 2266061
DELVOL = TANKV / FNLD 2266062

.........TTR = 7_MAXT+MAXL_ 226An_A____
GGO = LIN{TM(1D_NUMTAB(1}} 226606'*
GO = 32.2 2266065

NTFVOS = HFL_(12)+.I 2266067
C DETERMINE MAX AND MIN LAYER OF LIO, PHASE CONTAINING NODE(S) 2266068

IF (/NC(J)°E_°O) Gb TO 15 2266070
IF (LNO(J),GT°NLSURF) GO TO 15 2266071

__,Ll_l___tdAxLN._qJ1J .-- .,4AX:_I MAx I _J_( 1} - I Nn t. 1_) P..Z.660.TZ---
MINLNO(1) = MINO(HINLHO(1} tLNO(J)) ,)266073

I_ CO_!TTHUF 226607&
DO 17 I,_1-] _?.44075-
RUF1 = 0,0 2266076
FUF2 = 0,0 2266077

IX6. = IT_ + J 2266079
IF {LNO(J)°C_q°,_) GO TO 16 2266080

,qU_l = _L)F1 + _{IX(,D 2266082
TBOTRL(1) = T_OTeL(_) + e(J)_P(;X6} 22,_6083 ,,,
C-O TO ___...... 2_--

151 IF (IDF..STIII,_P,,,O, CR, LNO(JD,NE,MAXLNO(II) GO TC 15 2266085
BUF2 = RUF2 + P(IXt+D 2266086
TTnPRL/_t_t - I"TJ_P-BL.{I}.+ptJt*_t!x&! 226608.7.----

16 CO_'TI _'UE 2266088
TROTBL([} = T_OTBL(ID/r_uF1 2266089
IFJ_.LD.EST{I.I,.__..,.0] TTCP2_ { t ) = TTnPB! t __D/nuF_ ...... _90-.--
MCLAY = I 2266091
DO 181 J=I)H"EMPS 2266092 _"_'_,
IF {I_Jn(JID O.E{'_II._...__C_- "rE)_._.l._ _22_-,_3,----- LJ
IF (J°EO,I) _0 TO 181 2266094
JJ = J-1 2266095
JBUL__1 2_-
_,_ I_ K=_,JJ 22660_7
IF (L_O(K}, F"_. LN.9(J) ) J_.UF • 0 2266098

HCL_Y = P!CL_Y +JPUF 2266100
181 COmTI',_UE 2266101
I7 r.._E _ _-2.2_-

N_.XT = CO"_UN{4}+,I 2266103
_iL_,iOr).e= r) 226610/*
_o l_ T=I,NFxT 2_t.._.10_r,
_'_FS -- u'_O(_SEX(I),IOCO} 2266106
_,t_DE=(NSFX(ID-N_FS)/Inq9 2266107

'NODEC ,,_!O_,E# ITP 2266109
IF (PINODECI,LT°O.O) GO TO 13 2266110

_-_ SUMA_R_.(1) • SUMARS{I_ + V_(NODE+_LLLT.K.W.AL1
BUF1 = ."(NRES} 2266112
IF (BUF1,GE,TC. N20} _UF1 • BUF1/TFN20 2266113
_5._UMRE"S-_.___$V'_RES_ BUF1
NLmO_S • NLNnOS * 1 2266115
NL_INSI NLNODS} • HODE 2266116

D(I) • OLIP, 2266118
BUF1 - TTOP_L(1) -F460 2266119
STERS • LIN( . -BUF1 ,NU.U'rAB{151)- ............. -Z21_1,20.-_

32 CP I1D • LINITLIP.F I_NUMTAB(16) ) 2266121

m

0
_OCKHlII) B-69

I II I _ I

1967020835-289



LR I_9L_3

TABLE B-I (CONTINUED)

F_UAV_(_) = LIN(TLIOF ,_U_'TAB(2_I ) 2266122FK (_} I.IN(TLIOF ,NUt,TAR( _J ) IF3600 2266123
......... R_HDEYE(1) = LIN(TI-I__I_AI]_(_I___I 2266124

BUF1 = TTOPBL(1)-F460 2266125
FMUSID(1) = LIN(BUFI ,F_UP_TA_(21) ) 2266126

....... RHnSID(1) = LINIBUF1 ,NUHTAB(14) _)......... . 2266127
CALL NUMERS(CP(1),FMUAVG(1),FKII)tGC3,RHOAVGII}_RHOSID(1)90(1), 2266128

I FMUSID(1)gSTENStTKRAOtPNO(1)_GNO(1)tRNO(1)t_NO) 2266129
___SL_IE (BNO,GF.].O} GO TO 6O ....................... ZZ66130_._

IDEST(1) = 1 2266131
GO TC 9C00 2266132

60 RUF1 = TBOTBL(1} = F46n .................... 2Z66i33
RHOBOT(1) = LINIBUF1 tNUMTA_(I_)} 2266134
FMUBOT(1) = LIN(BUF1 ,NUMTAB(21)) 2266135
CALL NUHERS(CP(II,FHUAVG{I}oFK(II. G_3 °.i_O_-_CLL.I_L_L?J:IC,LB____-Z2/:_L_6_ _ r
I FMUBOT(1),STENS,TKRAD,DUHX,DUMYtRNO_(1}tDUMY) 226613? I79 IF (RNO (1),GT,O,O ,AND, R_OB(1),LT6TEMS) GO TO 280 22661}8

rat I Pr_rT (Tt T_.I) _2_k],.3.9.....

GO TO 9000 22661_0
280 CONTINUE 2266141

DELPT(1) = RHOAVG(1)" GGO * D(I} 2266143
DO 2B2 J=],NEXT 22661_

NODE = (N_EX(J)-NRES)/IO00 2266146
NRFS = N_S + 7_'AXT 226614?

IF (P{N_DEC),GT,O,O,AND,P(NRES),LT,TEN20) P(NRES}=PINRES)*TEN20 2266149
282 CONTI_IUE 2266150

670 _(I} =0,0 2266152
_, 672 DO 673 J=I,NLN_DS 2266153

) .JJ • N! _I_L_(.Jt ...... :'_AA15&
IX2 - JJ + MAXT 2266155
IX& = JJ + ITR 2266156

__6..7._. O(I1 = _(LL_..L_.,_.(IX&)* (P(JJ)-PCIX)}I _&157 _.
680 IF (RNO(I),LE,TEN11} GO TO 682 2266158

C TURBULENT 2266159

1 * (GNOII)ID(I)*_3}_(-,I)I (._66" D(I))*_,7 2266161
GO TO 699 2266162

682 YBAR(I) • 3,93 * PNO(I)**(-eSO) * (,952 + PNO(I))**,25 2266166
1 * (GNOII)/D(I)**3)**(-,25)t(,_l * D(I)')**,25 2266165

IF (ANGLEoNE,O,O ,OR, NTYPE,NEel) GO TO 710 2266167
700 VBL(I) - PIE*D(I) * ( TDIAM - YBAR(I)) * YBAR(|) 2266168

?10 VBL(I) • SUMARS(1) * YBAR(1) * (IeO-YBAR(I)/TKRAD) 2266170
?20 ABAR(1) - VBL(1)/_(I| 2266171
7_0 TT_PRL(I| • TR_TRLII) • _(;II(VRLIIt* RI-I_AVGLLLiLr._L_ 22._2----

IPATH • 1 2266173
732 BUF1 - TBOTBL(II-F_60 2266174

RUF2 m_._.I.T.__IIL_-F&&_ .__ 22&&17S
?_2 RHOBMXII} • L|N (_UF1,_UMTAB(14)) 2266176

RHOBMN(1) " LIN (RUF2,NUMTAB(I_)) 2266177
_.__O._F__TD_J162a}OZI.LIPATH Z2&&lT_

762 DELPB (!) • 660 • (RHOBMX(1)+ RHOBMN(|)) e Dll) I 2,0 2266179
??0 IF (RNOIIIeGToTENll! GO 70 790 2266180
7_ F_IIJ_'_[R_H ................... 226616J

60 TO 800 2266182

. l
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"REPRODUCIBILITY OF THE ORIGINAL PAGE IS POOR "

LR 18903

TABLE B-1 (CONTINUED)

7nO F_(1) = _T1'm n 2266183
R00 _ITI-_K = 0 2266164
801 DPFG20(1) = FR(I}* 9(I) /('DIAl." _ 2,3 "- GO * RHOAVG(1) } 2266185 --
q]O GN£W (1) = SCRT[A_S{ (PTL_-(T)-DFL_T{I}}IDPFG20(I))) 2265186

_20 IF(IAnS((GNEW(!}-GSCLD(I;_/G_!_(!_;-EPEION).LE,O.O) GO TO 880 2265187
830 REYNO (1) = TDIAM _ GNEtC(I) / F"UAVS(!) 22_6188

!F(REY_CO(!),LT.T_'45} SO TC £60 2266189
_50 FRfl) : 1.32 _ / (AL_Gln(REY',r(1)_2,53) 2266190

GO T_ £70 22661_i
860 FR(I) : 5.L ea /(RSY_!O(I}_". _) 2266192
pTO GS_LD(!): r._m.. (1) 2266193

IF (KhUT.GT.I) t!PTTF (6,9872} 22661c4
_,T!'._F£: rT!"_5_] 2266195
IF "(*!TI'4ES.LT.I00) GO 72 801 2266186
WRITE (6,922!) DP=G20(1),FR(1),D(II,TDIAX,GC,RHOAVGII;,G;;_:II}t 2266197

] DELBq (!I,DELPT(1),GS3LC(II,CRSIG_,_EY:;9(I), 2266198

2 F*_UA'Jr(I) ?2661oe
CALL FXIT 2266200

880 5S_L_(!) = _t'_"_(!_ 2266201

_OC _oATH : 2 2266202
GO TO 732 2266203

302 Ir (_._!GLF.F_E.O.C .CR. NTYnE,tIE,1) GO TO 388 226620_

AriA#(1) = nit _ Y=_q(1) * (TDI&H - Y_ARII)) 2266205

-- GO T_ 31C 2266206
308 _BAR(1)=SU'_ARS(!)* YRAP(I_ _ (I,O-YBAR{I)IT_RADIID(1) 2266207

3]0 W(1) = _R(1)*CSOLP(1) 2266208
320 REYNO(I} = TDIA_t _ GSOLD(I) / F_UAVGI;-I .............. 2266209 ---

IF {RFY_;O(I).GE.TFN5} GO TC 350 2266210
C LA*'I_AR 2266211

_0 FR(1) = 5,6881(REY_;O(I}**.51 _ 226621.Z--__.
GO TO 36C 2266213

350 FR(I) : 1.82_I (ALOG10(REYNO(II)_2,58) 226621_

___ DELPF(1) = FRfl}* D(I} * GSSLD(II_*Z/{2iC*_ID_L__JT__*_R_OAVG(1)) 2266215 --_
360 CONTINUF 2266216
390 DELP£(I) = GGO * (RHOq_'XII}+RHO_MN(I) ) _ D(1) 1 2,0 2266217

___90___= _(DELR£II}-DELPT(!)} / DPFG20(I.) _ __ 226621_L___
GNEW(1) = SQRT (A_S(qUF!)) 2266219

GSOLD(I) = GNE'VII) 2266220
___A_LO__IF {_ILN.D____II_LLGT,TENIIJ GO TO 460 ................ 226_522& -

C LAMINAR 2266222
420 Y_AR{I) = 3,93 *PNDII)*_(-.5)*I(,Q52+PNO(I})**,25)_ 2266223

] IfC-NO(!}Z[D{/-t-_-*31}*_{_._5)I*l_DI_II-&_#,25-- ..... 22_62.2_----
_10 YBAR(1) : AMINIIYBAR(I;,TKRAD) 2266225

IF (ANGLE,NE,O,O ,OR. _:TYPE,_E,I} GO TO 438 2266226
ARARII) = aT E * Yma#(I1 , (ID_M _ YSAR(1)) ....... 2266227 .-

GO TO 440 2266228
_38 ABAR(IIfSUMARS(1)* YBAR(I} * (I,O-YEAR(II/TKRAD) ID{I} 2266229

450 HBAR(1) ffi2,6667 * FKII) *((o41)**,25) IYBARII) 2266231
GO TO 500 2266232
TImR"LCNT 2266233--

_60 YBAR(I) = ,565 *(PNO(I)*i(-,53333))i(1,+,_9_*(PNO(I)_*.66667))***1226623_
1 * ((GNO(I)I D(1)**3)**I-,I))*((,466*D(1) )**,70) 2266235

47D IF (ANGLF.N_._.0 .hR. NTYPF.N_.I) An TO 478 .................. 2266236 ___
ABAR(1) = PIE * YBAR(1) * (TDIAM-YBAR(I]) 2266237
GO TO _80 2266238

478 ARAR{I} = KIIMARS|[] _ YBARII| * ll.n-YflARII|/TKRADI I DLLL__ 22kk2_9 ....
480 W (I) = GNFW(1) * ABAR(I! 2266240
490 HBAR(1) = ,02_6 IIFK(I)ID(I) ) I(GNOII)I*,4)IIPNOIIl**,_6667)* 22662_I

_ I tl._ + .494- PN_III**.&&&&7 li*l-.4l _266242
500 VBL(1) = D (I)_ABAR(1) 2266243
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IF (I,0/SUHRFS,GT,Hm_P(1)*SUVARS(1)) --GO-TO7000 2266244
_UFI : 0,0 2266245
BUF? = 0,3 ....... 22662_6 -

502 DO 503 J=I,_!L'I_DS 2266247
JJ = HL'!HSIJ)+I 2266248

.......IX4 =JJ _ IT_ _ 2266249. -
BUF2 = VSIJJ)/TKWAL1 * (PiJJ)-P(JJ-1)) 2266250
PIJJ) = P(JJ) -HBAR(1)* RUF2 * TM(SI/ (P(IX_)*VBL(I}*RHOAVG(1))2266251

.__._03 .BUF1 = 9UF1 + _UF2 ....... 22(_
eBttI) = _UF! _ _EAR(Ii - 2266253
IF (_BL(I)oL_,C, _) _0 T_ 7000 2266254

520 BUF1 = (TTOPBL(1)+TBOTDL(I])I2,Q _ FAAn ...... 22_6255--
522 CAPAVG(1) = LIH(_UFZ,NU_TA_(16)} 2266256
590 IF (IDEST{I),EC,O)TTOPBLliI=SOUAN(1)+QBL(I}_TM(5)/(VBL(1)* 2266257

1 RHOAMG.L.IJ_C_Pav_ttt _ ..... 226&2_58-_.
TL_X = TTOPPL(1) 2266259

610 TUPPE_(1) = r,_ 2266260
_UF1 = 3.0 226X_l--

A12 DO 614 J=I,_!TE_'mS 2266262
IF (L_O(J},_O,O,OR,LNC(J},GT,_AXLNO(1}) GO TO 614 2266263
IF ILEO(JL6P:E,_'AXLNO.LI.LL..__IO A14 2.26626_._
IX4 = ITR + J 2266265
BUF1 = BUF1 + P(IX4) 2266266
TUPPEP.__) =._TUPPER(I} _ P(JI_P-L/Z4) _AA_A___

614 CONTINUE 2266268
TUPPER(I) = TUPPTR_II/RUF1 2266269

____BUF_ =._3T_OP_J_I..LI-__F460 __ 2265270
BUF3 : TUPPE_(I_ - F460 2266271
RHOUP : LIN(PUF3_NU_TAn(|4)) 2266272

.HCUP : LIN(_UF3,N_._TAB(16)I. _A_73
SDELV = _AXLNO(1)-! 2266274
SDELV = VLIO -SDELV*)ELVOL 2266275

_. CUPPER(1) = (SDELV*RHOUP + W(1)*TM(J)_.L__I-J_CUP _. _.2.2JS&2____
TUPPER(I) = TUPPER(1)+W(I}*Tt_(5)*(TTOPBL(1)*LIN(BUFl_NUMTAB(16)) -2266277

1 TUPPER(II*LIN(BUF3,_UHTAB{16)) ) /CUPPER(I) 2266278
__ DO 626_=l_NLD ..... 22662_g -

IF (J,GT,MAXLNO(1)) GC TO 626 2266280
ICALL = 1 22_6281
..LZ.._.-MAXLNO(-I)_--._J_ `�l�22._6282
BUF1 ffi TUPPER(I) I F460 2266283
CAPBL (I) = LIN(BUFI_NUMTAB(16) ) 2266284

.... _tl_l = O..O ............... 2266285
RUF3 = 0°0 2266286
DO 622 K=I_NTEMPS 2266287
IF (LNO(K..L,uNE,JJ)_G_Tn 622 ___2266288.
IX4 = ITR + K 2266289
BUF3 = BUF3 + P(IX4} 2266290

______B_U_ZL=__BUEI.__P(K_*oJ_IX4) ..2266291
622 CONTINUE 2266292

IF (BUF3,EO,O,O) $DELV = $DELV+DELVOL 2266293
.........I.F__U.F_._,_O_O.=._)GO T_ &_ ......... 2266294

NCLAS = NCLA_+I 2266295
BUF1 = BUF1/RUF3 2266296
BUF6 = BUF1 - F460 .... 2266297 .
CAPTLI(II = LIN(BUF4_NUMTAB(16) ) 2266298
BUF2 w LINIBUF4mNUMTABI14)) 2266299
_F..I._T.LIII) _ W(J_). e TM(5) e__TUPPERII)*CAPBLII)-BUFI_CAPTLI(IJ.J. .... _2_6}_0

1 / ISDELVeBUF2 ) 2266301
DO 626 Kll_NTEMPS 2266302

.. IF (LMO.(K),NE=JJ). GO TO 624 ........................ 2266303
SDELV • DELVOL 2266304

,, ,, i i 1 i

)
I.OOKHIEO B-'_

1967020835-292



LR 18903

TABLEB-i(CONTINUED)
TU_Eo(!) = PUFf 2266305
NGNNS(NCLAS) = TUPPER(1) + DELTLI(1) 2266306

P(K) = P(K) • DELTLI(1) 2266307
6?4 cn_!TI_,UC 2266308

Ir (KmUT.LE.]) 60 T_ 626 2266309

VRITE(6oOq71} -- 2266310
'¢RIT_ (6_9QTA) TUPPER,DELTLi 2266311

62& CO_'TI_'UE 2266312

6ggR IDEST (1) = 0 2266313
SOUAN(1) = TTOPBL(1) 2266314

70C0 CONTINUE 2266315

-9000 CONTINUE ........ 2266316
IF (KOUT.LF.I} GO TO 0106 2266317
WRITE (6,9@?_) 2266318

-- WRITE (6,9876} {D {I),I=Z, 1]},IDELPT(1),I:1,19}_ 2266319

I GSOLD(1)tTTOPPL(1),BNO 2266320
WRITE (6,0676) (HBt,R(1),I:I,7) 2266321

......9_II FORMAT(24HOLAYER TEMPS DELTA TENPS } 2266322

9872 FORMAT(IBHOG ITER STRAT DEST) 2266323
9873 FORNAT(22HOENTCRIMG STRAT THETA= F12.5) 2266324

9874 _ORMATIIAIIOLFAVING STRAT} 2266325
9875 FORMAT(22HOD,CP,F_UAVG,FK,RHOAVC/32H FHUSID,RHOSID,FMUBOTDRHOBOT,P2266326

1NOI21H GNO,DELPT,Q,VBLDABAR/3CH RIIOB_X,RHOB_N,DELPB_FR_DPFG20/31H 2266327
- 2GNEW_REYNO,SUMARS,DELPF,C_PAVC/34H TUPPER,CAPBL_CAPTLI,DELTLI,CUPP2266328

3ER/1TH GSOLD,TTOPBL,BNO/_5FI HDAR,OBL,YSAR,T_OTBL,RNO/?H RNOS,W) 2266329
9876 FORt_AT(]H09 5E13.5) 2266330
91Ok IF (K_UT.GE.I) WRITE {6_937k) 2266331
9201FOR_AT(89HIG ITERATION IN SUBROUTINE STOAT HAS NOT'CONVERGED AFTER2266332

] I00 ITERATIONS.CURRENT VALUE_ OF /125110DEL PF/G**2 FRICTION FAC2266333

2TOR FLUID DFPTH TA_CK DIA'_ETER GRAV.COXSTA_IT RHO AVERAGE NEW 2266334
BG VALUE DELTA PR DELTA PT/YPCIL.6/ _3HO OLD G VALbE TOLE2266335
_R_MCE REYMCLDS NP. _U AVERACEIXAE_4.6) 2266336

_ETUR_! 2266337 <iE_:D 2266338 )

i _ i ,, i i
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TABLEB4 (CONTINUED)) ,
_._._L._.F,_R____ 2266400 .

SUBROUTINE NUMERS(CP,FMUAVGtFKtGGOtRHOAVGtRHOVARtOtFMUVARtSTtTKRAD2266401
1 tPNOtGNOtRNOtBNO) 2266402

_L CMPO._P!Te_LT__L_OO__9._N_.... ZZ66_03
C PRANDTL NUMBER 2266404
C GRASHOF NUMBER 2266405

_....__._ R_Ay,__E_I..,_I.WM_. __ 2266606
C BOND NUMBER 2266407

PNO " CP • FNUAVGIFK 2266608
GNO •GGO m(RHUAVG-RHOVAR) • RHOVAR•D••3./ FM_VAReeZ _664Q_ ,
RNO • PNO • GNO 2266410
BND = RHOAVG • TKRAOee2 •GGO / ST 2266411
._[__A)_R_L..... 226_612
END 2266413
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